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ABSTRACT

Two field trials were carried out at Sids Ex-
perimental Research Station, ARC, Beni Sueif
Governorate through 2004/2005 and 2005/2006
seasons to study the effect of intercropping wheat
with fodder beet under different N fertilizer rates on
yield, yield components and chemical composition.
The intercropping treatment was planting wheat on
the back ridges 120 cm wide, in four rows (50 % of
solid crop), while the treatments of N fertilizer were
70, 90, 110 and 130 kg N/ fad. The treatments
were assigned in randomized complete blocks
design with three replications. The results indi-
cated that the application of N significantly in-
creased wheat grains yield/ fad. The increases in
grains yield/ fad. were 9.91, 25.44 and 35.24 % for
90, 110 and 130 kg N/ fad., compared with that of
adding 70 kg N/ fad. Roots yield/ fad. of fodder
beet was significantly increased by increasing N
fertilizer level. The increases in roots yield/fad.
were 6.80, 25.89 and 28.74 %, compared with that
of adding 70 kg N/ fad. Chemical compositions for
fodder beet (crude protein, ash, total digestible
nutrients and digestible crude protein) of fodder
beet were significantly increased by increasing N
fertilizer level, while crude fibers take an opposite
trend. Intercropping fodder beet with wheat in-
creased land equivalent ratio in the average of
both seasons by 1.21, 1.07, 1.15 and 1.22%, when
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adding 70, 90, 110 and 130 kg N fertilizer/fad.,
respectively. The total income was calculated by
L.E. 4063.81, 5838.00, 6542.50 and 6838.80 for
70, 90, 110 and 130 kg N/ fad., respectively. The
highest return between growing fodder beet as
sole crop and its growing with wheat was collected
when adding 130 kg N/ fad (2718.80 L.E.).

" INTRODUCTION

Fodder beet (Beta vulgaris L.) is a new estab-
lished crop in Egypt. It is considered a good source
of energy for animal feeding. The roots can be
stored in the soil for a period without great damage
to be used when needed. Cultivation fodder beet
may help in overcoming the problem of animal
feeding in the beginning of summer season, but it
still has a weak competitive ability against berseem
as winter forage. However, increasing and expand-
ing fodder beet acreage can be realized by finding
new and additional areas without changing the
prevailing winter crop structure through intercrop-
ping with some winter crops.

Several reports in the literature emphasized the
need for specific intercropping, has become nec-
essary. Abd El Gawad et al (1988) showed that
intercropping wheat with faba bean significantly
affected spike length, 100 grains weight and
weight of grains/ fad. of wheat. As well as, signifi-
cantly affected weight of 100-seeds and seeds
yield /fad. of faba bean. Toaima (2006) reported
that intercropping fodder beet with wheat signifi-
cantly reduced yield and yield components of both
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crops, but the final yield of both crops was higher
than sole crop of each.

Nitrogen is considered one of the major nutrient
elements for fodder beet. it affects growth, yield
and nutritive value of fodder beet as it is an essen-
tial constituent for several physiological and bio-
chemical processes which reflected on the vegeta-
tive growth and yield. Increasing N- fertilizer rates
increased root diameter and top length as well as
root and top fresh weights (Abd El- Hamid et a/
1999).

Said et al (1999) indicated that raising nitrogen
rates resulted in a significant increase in plant
height, root length, root diameter and root fresh
yield/ fad. of fodder beet. Toaima (2006) stated
that increasing N fertilizer level up to 120 kg N/ fad
increased vyield and yield components of fodder
beet and wheat intercrop.

The present work aimed to study the response
of wheat to intercropping with fodder beet and ef-
fects of N fertilizer rates on yield of both crop, yield
components and chemical composition.

MATERIALS AND METHODS

Two field trials were carried out at Sids Ex-
perimental Research Station, ARC, in Beni Suief
Governorate during 2004/ 2005 and 2005/ 2006
seasons to study the effect of intercropping wheat
(cv. Sakha 93) with fodder beet (c.v. Vorochenger)
under four levels of nitrogen fertilizer. The treat-
ments were assigned in randomized complete
block design with three replicates. The soil was
clay in texture with pH of 7.9, 2.3 % organic matter
and having 16, 5 and 700 ppm available N, P and
K, respectively. Pre seeding crop was maize in
both seasons. Experimental plot area was 18 m?,
consisting of 5 ridges, 3.0 m long and 1.20 m wide.
Each experiment included the following 4 treat-
ments; one Intercropping pattern and four levels of
nitrogen fertilizer (70, 90, 110 and 130 kg N/fad.)
and the pure stands of each crop.

Fodder beet, as the main crop, was seeded in
hills spaced 25 cm on both sides of ridges 120 cm
apart both in intercropped and solid patterns to
achieve full stand (a plant population of 28.000-
plants /fad.).

Wheat as an intercrop, was sown in four lines
on the back of the ridge represented 50 % of the
solid crop. While, its seeding as a sole crop was
seeded in rows 15 cm. width, included 8 rows in
1.20 m width to achieve full stand.

Nitrogen fertilizer was applied as ammonium ni-
trate (33.5 % N), in three equal doses; the first
dose at thinning fodder beet (thirty days after sow-
ing), the second and the third doses were 30 and
60 days after thinning, respectively. Phosphorus as
calcium super phosphate (15 % P,0s) at rate of
200kg/fad .was added before sowing and Potas-
sium as potassium sulfate (48 % K,0) at rate of
150 kg/fad.was added in three equal doses; the
first dose after thinning fodder beet (45 days) and
after sowing wheat, second and third dose was
added 30 and 60 days after thinning fodder beet
and planting wheat. Table (1) presented dates of
sowing and harvesting of both crops.

Table 1. Sowing and harvesting dates of fodder
beet and wheat

Sowing dates Harvesting dates

Season

Fodder Fodder

beet Wheat beet Wheat
2004/2005 Oct. 4"  Nov.12™ May 16™ May 5"
2005/2006  Oct. 9"  Nov.16™ May18"  May 2™

The studied traits were
Wheat

At harvest, ten guarded of wheat plants were
taken randomly from each plot to record the follow-
ing traits: plant height (cm), spike length (cm),
number of grains/ spike and weight of grains /
spike (gm).

From each plot, one square meter was har-
vested and the following traits were calculated:
Number of spikes/ m?, grains vyield/ fad. (ardab)
and straw yield/ fad. (ton). Ardab of wheat = 150

kg.
Fodder beet

At maturity (220 days after sowing), random
sample of ten guarded plants of fodder beet was
taken from each plot and the following characters
were recorded:

Root weight/ plant (kg), root length (cm), root
diameter (cm) and roots yield/ fad. (ton) were cal-
culated from each plot using the data of the two
inner ridges.

Random samples (3 roots) were cut in flacks,
dried at 70°C till a constant weight. Then they were
milled to a fine powder and chemically analyzed to
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determine crude protein (CP), crude fiber (CF),
ash, ether extract (EE) and nitrogen free extract
(NFE) contents. The chemical analysis used in this
investigation followed the conventional methods
recommended by A.O.A.C (1980). Digestible crude
protein (DCP %) and total digestible nutrients (TDN
%) were calculated according to the equations of
Church (1979),

as: DCP % =CP * 0.929 - 3.48.
as: TDN % = 90.36- 0.29 CP-0.86 CF.

Competitive relationships and total income

Land Equivalent Ratio (LER) was calculated
according to Willey (1979).

The total income from each treatment was cal-
culated in Egyptian pound at market. price of L.E.
100/ ton of fodder beet, 165/ardab of wheat, 500
for wheat straw (ton) according to Agricultural
Statistical and Economic Sector (2005).

Statistical analysis

All data were subjected to the proper statistical
analysis according to Snedecor and Cochran
(1980). Combined analysis over the two seasons
of experimentation was done after tested of homo-
geneity of variance between both seasons. Treat-
ments means were compared by the Duncan's
Multiple Range Test 5% level of probability (Dun-
can, 1955). Only significant means were presented
in tables as the follows priority:

1- Interaction between treatment xyears.
2- Treatment means over both seasons.

RESULTS AND DISCUSSION
A: Effect of N leveis on
1- Wheat

Data in Table (2) showed the effect of inter-
cropping wheat with fodder beet under different N-
fertilizer rates on wheat growth, yield and yield
components. Growth and yield components were
significantly reduced with intercropping, compared
with wheat as a sole crop. These results may be
due to competition between fodder beet and wheat
plants for nutrient, water and solar radiation. Plant
height was significantly increased with increasing
N- rates up to the highest rate (130 kg N/ fad). Re-
sults indicated that raising N rates from 70 kg/ fad
to 90 kg N/ fad significantly increased plant height
by 6 % under intercropping. Also, increasing N
level up to 130 kg/ fad ranked to increase plant

height, but the increase did not reach significant
level. As compared between plant height solid crop
and as intercrop, data revealed that higher plant
height was recorded with solid crop than intercrop
pattern.

With respect to spike length and weight of
grain/ spike, data significantly increased from 70
up to 110 kg N/ fad in intercropped and solid. This
means that sowing wheat with fodder beet did not
affect this trait.

Number of grains/ spike was increased by add-
ing N fertilizer up to 130 kg N/ fad, but the increase
was not significant. On the other hand, solid crop
responded to adding N up to 110 kg N/ fad.

Number of spikes/ m? responded to adding
N fertilizer up to 130 kg N/ fad as intercropping, but
as solid crop responded up to 110 kg N/ fad. This
trait was affected by competition with fodder beet
for nutrient elements.

The previous mentioned results might be due
to active effect of nitrogen to incentive cell elonga-
tion and divisions resuiting in taller internodes,
which led to increasing plant height and spike
length, as well as, it has encouraging effect on
growth affecting increase in metabolic processes in
plants and this in turn stimulated their growth
which might account for the superiority of grains
number/ spike and weight of grains/spike, and in-
crease grain yield / fad. (Abd El Gawad et al
1988).

With respect of grain yield/ fad. There were
significant differences between different levels of N
and 130 kg N/fad. gave the highest grain yield/fad.
The increase was 9.91, 25.44 and 35.24% for
90,110 and 130 kg N/fad. as compared with 70 kg
N/ fad.

There was significant differences between 110
and 130 kg N/fad., this increase amounted to 7.80
%, but from the economic point of view, this in-
creases could not compensate the increase in
price of extra N added.

Straw yield/ fad. took an opposite trend and
there was no significant differences between N
levels under intercropping system.

These data are in accordance with those ob-
tained by Abd El Gawad et al (1988).

2- Fodder beet

Data in Table (3) showed the effect of inter-
cropping wheat with fodder beet under different N
levels on yield and yield components of fodder
beet. Significant reduction was observed with fod-
der beet root weight/ plant, root length, root diame-
ter and roots yield/fad, compared to sole crop of
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Table 2. Effect of intercropping wheat with fodder beet under different N levels on yield and yield components of wheat

rate Plant height (cm) lizigkti :rg;::l ggf;g;‘stp‘i’;e No.of  Grainsyield/ Straw yield/
* season 2" season (cm) spike (@) spikes/ M fad. (ardab) fad. (ton)

Treatments

70 kg Nffad. intercropping 98.10¢g 100.60gf 8.47d 43.65¢ 1.30¢ 227.11f 8.37h 2.04d
70 kg Nffad. sole crop 104.50ef 131.37b 10.55¢ 43.25¢ 1.32¢ 405.45¢ 18.75d 2.08d
90 kg N /fad. intercropping 104.20ef 103.70ef 9.00d 45.03c 1.37c 240.50f 9.20g 2.15d
90 kg N /fad. sole crop 105.50f-d 133.20b 11.30bc 44.50c 1.47b 440.52b 19.30¢c 2.76bc
110 kg Nffad. intercropping 106.60de 107.70de 10.80bc 45.75bc 1.46b 258.35¢e 10.50f 2.30d
110 kg N/fad. sole crop 115.50¢ 149.27a 12.80a 48.75a 1.63a 460.59a 19.70b 3.20ab
130 kg Nffad. intercropping 109.0de 110.30d 11.60b 46.29b 1.47b 275.38d 11.32e 2.40cd
130 kg Nffad. sole crop 116.5¢ 151.30a 13.55a 49.50a 1.69a 475.66a 20.25a 3.48a

Note: any two means in the same column with the same letters are not significantly different

e9-13 PqV pue zjzy-|3 pqV pemo-|3 pqy
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Table 3. Effect of intercropping wheat with fodder beet under different N levels on yield and yield components of fodder beet

Traits Root weight! Root length (cm) Root diameter (cm) Roots yield! fad. (ton)
Treatments plant(kg)  4stgeason 2™season  1%season 2™ season  1%season 2™ season
70 kg N/ffad. intercropping 1.19¢ 14.80i 15.60h 15.10j 14.93] 30.90k 29.701
70 kg N/fad. sole crop 2.07a 25.00c 22.00e 22.20c 20.00f 39.50de 38.50f
90 kg N /fad. intercropping 1.27bc 17.07g 17.50g 16.20i 16.05i 33.00i 31.90i
90 kg N /fad. sole crop 2.18a 25.30bc 22.30e 22.60bc 20.30ef 41.00b 39.100d-f
110 kg Nffad. intercropping 1.41bc 20.30f 20.60f 17.40h 17.15h 38.90ef 34.300h
110 kg N/ad. sole crop 2.13a 25.90ab 22.40de 23.00ab 20.90de 41.80a 39.70cd
130 kg N/fad. intercropping 1.53b 22.65de 23.20d 19.00g 18.75g 39.78cd 35.65g
130 kg N/fad. sole crop 2.07a 26.20a 22.80de 23.40a 21.20d 42.100a 40.30c

Note: any two means in the same column with the same letters are not significantly different

j88q J0ppo} yIm jesym Bujddoloseyu)
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fodder beet. Weight of root/ plant responded to
adding N rates up to 90 kg / fad, but sole crop did
not respond to application of more than 70 kg N/
fad. That means that under intercropping weight of
root/ plant needs 20 units of N/fad. to amendment
its intercrop with wheat.

Root length responded to N up to 130 kg / fad
in both seasons, but solid crop did not respond to
more than 70 kg N/ fad in both seasons. The re-
sults indicated that competition between wheat
roots and fodder beet roots for nutrient elements
may have led to reduction in root length.

Root diameter took the opposite trend of root
length, that means adding N up to 130 kg N/ fad.
gave the highest root diameter, but solid crop re-
sponded to adding up to 110 kg N/ fad in both
seasons. That mean 20 unit of N were required for
root diameter when intercropped with fodder beet,
compared to sole crop.

Roots yield/ fad. responded to adding N up to
130 kg N/ fad. The increase was 6.80, 25.89 and
28.74 % in the first season and 7.41, 15.49 and
20.03 % in the second season for 90,110 and 130
kg N/ fad, respectively compared to 70 kg N/ fad.

Applying 110 kg N/fad. led to significantly lower
yield than those obtained by adding 130 kg/ fad.
and the reduction in yield amounted 2.26 % in the
first season and 3.93 % in the second season. But
these reduction percentages are not significant
taking into consideration the side effects and re-
siduals in the soil and plants as a result of using
high doses of N and also, economically the in-
crease in yield could not compensate the increase
In price of nitrogen fertilizer.

These results are in agreement with those ob-
tained by Toaima (2006).

3- Chemical composition and nutritive value of
fodder beet

Data of crude protein (CP), crude fiber (CF),
ash, ether extract (EE), nitrogen free extract (NFE),
total digestible nutrient (TDN) and digestible crude
protein (DCP) percentages of fodder beet as af-
fected by different rates of N fertilization are shown
in Table (4). The statistical analysis showed sig-
nificant differences between the different treat-
ments in CP, CF, ash, TDN and DCP. Applying
110 kg N/fad. led to significant increases in this
components than those obtained by adding 70 and
90 kg N/fad. except CF, and the increases
amounted 4.41 and 2.06 % in CP, 7.84 and 5.02
%in ash, 0.48 and 0.34 % in TDN and 8.23 and
4,73 % in DCP.

No significant difference was recorded between
applying 110 and 130 kg N/fad. This means that
under intercropping fodder beet dose not need
more than 110 kg N /fad.

Competitive relationships and yield advantage
of intercrop

Land Equivalent Ratio (L.E.R.)

Results in Table (5) showed that intercropping
fodder beet with wheat increased land usage in the
average of bolh seasons. Intercropping foddor
beet proved advantageous by 1.21, 1.07, 1.15 and
1.22 %, when adding 70, 90, 110 and 130 kg N
fertilizer/ fad., respectively.

Total income

Data evaluated the total income of intercropped
treatments by L.E. 4063.81, 5838.00, 6542.50 and
6838.80 for the lowest N rate up to the highest rate
of N fertilizer, respectively (Table 5).

Net return

Data in Table (5) indicated the difference be-
tween the total income when growing fodder beet
as sole and the advantage return if growing fodder
beet and wheat together. The highest difference
return was obtained when adding 130 kg N/ fad
(2781.80 L.E.), whereas the lowest difference re-
turn was calculated with 70 kg N/ fad (163.81).

CONCLUSION

There were significant differences between 110
and 130 kg N/fad. in grain yield of wheat and root
yield of fodder beet /fad. as intercrop. The in-
creases amounted to7.8 and 3.93 %, respectively.
While, no significant differences occurred between
110 and 130 kg N/fad. in the chemical components
of fodder beet as intercrop. The differences return
between 110 and 130 kg N/ fad. was 251.3 L.E.
Economically this increase could not compensate
the increase in the price and the side effects and
residuals in the soil and plants as a result of using
high dose of nitrogen fertilizer. it could be recom-
mended that intercropping wheat with fodder beet
in 4 lines on the back of rows wide 120 ¢m and
adding 110 kg N/fad. gave a preferable yield of
both crop.
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Table 4. Effect of intercropping wheat with fodder beet under different N levels on chemical com-
position of fodder beet

Traits
CP % CF % Ash % EE % NFE % TDN % DCP %
Treatments .
70 kg N/fad. intercropping 7.93d 9.79a 13.38¢ 0.97b 67.92 ab 8433c 3.89d
70 kg Nffad. sole crop 7.94d 9.55 ab 13.94 abc 0.98 b 67.59 ab 84.43 be 3.89d

90 kg N /fad. intercropping 8.07 cd 9.38 abc 13.74 bc 1.21a 67.62 ab 84.45 be 4.02 cd
90 kg N /fad. sole crop 8.07 cd 9.13 bed 13.97 abe 1.10 ab 67.73 ab 84.54 be 4.01cd
110 kg N/fad. intercropping 8.28 bc 8.35e 14.13 ab 1.00 ab 67.75 ab 84.83a 421 be
110 kg N/fad. sole crop 8.45 ab 8.22e 14.43 ab 1.07 ab 68.28 a 84.74 a 4.37 ab

130 kg N/fad. intercropping 8.42b 8.95 cd 14.05abc 1.13 ab 66.99b 84.52 be 434 Db

130 kg N/fad. sole crop 8.71a 8.65 ed 14.50 a 1.10ab 67.49 ab 84.55b 4.61a

Note: any two means in the same column with the same letters are not significantly different.
CP= crude protein, CF= crude fiber, EE= ether extract, NFE= nitrogen free extract
TDN-= total digestible nutrient, DCP= digestible crude protein

Table 5. Yield, LER and income of sole and intercropped wheat with fodder beet

Competitive . . .
Relationships Yield/ fad. Land Equivalent Ratio
Total Net
Wheat Wheat
Treatments Fgggter ea Fodder ea LER income return

Grains  Straw Beet

(ton) (ardab) (ton) Grains Straw

70 kg N/fa'd‘ 30.30 8.37 2.04 0.78 0.45 0.98 221 4063.81 163.81
intercropping

70 kg N/fad. 39.00 n . 3900.0
sole crop

80kgN /féd' 32.45 9.20 2.15 0.81 0.48 0.78 2.07 5838.00 18330
intercropping

90 kg N /fad. 40.05 - . -~ 4005.0 -
sole crop

110 kg N/fad.
intercropping
110 kg N/fad.
sole crop

130 kg N/fad.
intercropping
130 kg N/fad.
sole crop

3660 1050 230 090 053 072 215 6542.50 2467.50
40.75 - - - 4075.0
3771 1132 240  0.97 056 069 222 68388 2781.80

41.20 - - - 41200

Price: L.E. 185 for ardab wheat — L.E. 500 for ton of wheat straw — L.E. 100 for ton of fodder beet

Annals Agric. Sci., 53(2), 2008
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