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ABSTRACT Two field experiments were conducted during 1998/1999 and
1999/2000 seasons to study the effect of nitrogen fertilization as soil and
foliar applications on the growth, nodulation and fresh and dry yields of
Egyptian clover.

The results obtained indicate that various nitrogen fertilization treatments
had no significant effect on root diameter. However, the number of nodules
grown on the root were increased significantly by nitrogen fertilization up to
20 kg Nffad. three doses (T} as a soil application and up to 2kg urea / fad. six
doses (T;) as a foliar application .

Plant height, stem diameter, number of branches / plant, leaf area, and leaf
weight ratio as well as fresh and dry forage yields reached their maximum
peak by the soil application of 20 kg NAffad. three doses {60 kg Nffad. Tj)
compared to the other tested treatments. However, foliar application of 2 kg
urea / fad. six doses (5.52 kg Nffad. T;} seemed to be the most effective for
increasing those traits as compared with the other soil application treatment
(T-) and /or foliar ones (T,, Ts and Tg).

The data of nitrogen use efficiency (NUE) indicate that the nitrogen
fertilization as a foliar application was so more effective than soil application
on Egyptian clover productivity especially by using 1 or 2 kg urea / fad. three
doses (T, or Ty which produced the highest values of NUE in the both
seasons.

Key words: N fertilization, foliar application, Egyptian clover.

INTRODUCTION

‘Egyptian clover (Trifolium alexandrinum, L) is one of the most important
winter forage crops in Egypt. Many efforts have been made to increase its
productivity, especially per unit area, to face the increasing nutritional
demands for improving the animal production in our country.

Nitrogen is a major nutrient element and considered to be the most factor
affecting the growth and productivity of Egyptian clover. In this respect,
many researchers found that the soil application of nitrogen fertilizer to
Egyptian clover caused an increase in its plant height (Hussein et al, 1983,
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Shaaban et al, 1984), number of branches / plant {Ibrahim and Abdel - Aal,
1990), number of nodules / root (Taneja et al. 1994), fresh forage yield
(Sharma and Baradkar, 1995; Sinha and Rai, 1995; Sharma et a/, 1998; and
Desole et al., 2000) and dry forage yield (Taneja et a/, 1991; Ratel, 1998; and
Bariki and Tiwari, 1998). On the other hand, Bojorquez et a/, (1993) found that
nitrogen fertilizer had a little effect on root development of Egyptian clover.
Rubio - Arias et al, {1999) show that the number of nodules decreased with
increasing nitrogen levels.
. Recently, using nitrogen fertilizer through foliar application is profitable

for many crops to avoid not only N fixation in the soil, but aiso its leaching
during the driange. In this respect, many investigators reported that the foliar
application of nitrogen element was effective for increasing the productivity
of many field crops such as cotton (Srinivasan et al, 1977; and Sorour et al,
1986), maize (Ashour et al, 1983), wheat (Saad et al., 1984), Soybean (Rubes,
1974) and faba bean (Hafiz and Abd El - Mottaleb, 1998).

Thus, the present investigation was conducted to study the response of

growth, forage yield and fertilizer use efficiency of Egyptian clover to soil and
foliar applications of nitrogen fertilizer.

MATERIALS AND METHODS
This investigation was carried out at the Experimental Farm, Sers-Elliyan

Agricuitural Research Station, Minuflya Governorate during 1998-1999 and

1999-2000 seasons to study the effect of soil and foliar applications of

nitrogen fertilization on growth, nodulation and forage yield of Egyptian

clover (Trifolium alexandrinum, L.). The seeds (CV. Miskawi) were sown at a

rate of 25 ky seeds / fad. on 25 and 20 November 1998 and 1999,

respectively. The experimental plot area was 12m* (3 x 4m). During the

growth period, three cuts were taken at 70, 130, 180 days after sowing in both

seasons. The preceding crop was maize in the two seasons. Calcium

superphosphate (15.5% P05} was added at a rate of 200 kg / fad. during soil

preparation. The nitrogen fertilization was added as urea (46 % N) either in

soil or foliar application according to the tested treatments. '

The nitrogen fertllization treatments were as follows:-

T;- Control {without N application).

T.- Soil application at a rate of 20 kg N/fad. (one dose at 20 days after
sowing). .

T:- Soil application at a rate of 60 kg Nifad. (20 kg Nffad. three doses at 20
days after each of sowing and 1* and 2™ cuts).

T.- Foliar application at a rate of 3 kg urea / fad. (1 kg urea / fad. three doses
at 20 days after each of sowing and 1% and 2™ cuts).

Ts- Foliar application at a rate of 6 kg urea / fad. (2 kg urea / fad. three doses
at 20 days after each of sowing and 1st and 2nd cuts).

Te- Foliar application at a rate of 6 kg urea / fad. {1 kg urea / fad. six doses at
20 and 30 days after each of sowing and 1st and 2nd cuts).
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T;- Foliar application at a rate of 12 kg urea / fad. (2 kg urea / fad. six doses at

20 and 30 days after each of sowing and 1st and 2nd cuts).

The tested treatments were arranged in a randomized complete block

design with four replicates. With regard to foliar treatments, each application
dose was done by using 400 liters of water / fad.
At each cut, the following characters were determined: plant height, stem
diameter, root diameter, number of root nodules/plant, number of
branches/plant, leaf area, leaf weight ratio (leaves dry weight / stem dry
weight), and fresh and dry forage yields / fad.

Nitrogen use efficiency (NUE) was calculated according to.the formula
proposed by Craswell and Godwin { 1984 ) as follows:

NUE = Total yield F - Total yield C
Fertilizer N applied

Where: F = fertilized plants, C = non fertilized plants (control)

NUE determine the forage yield produced per one kg of fertilized N {Kg
forage yield / kg N applied).

The data were statistically analyzed according to the procedure outlined
by Snedecor and Cochran (1967). Means were compared by least significant
difference test {L.SD) at 5 % of probability.

RESULTS AND DISCUSSION
1) Growth:- _ ‘

Mean values for all growth traits studied as affected by soil and folia
nitrogen application treatments at three cuts in 1998 / 1999 and- 1999/2000
seasons are presented in Table (1). The data indicate that various nitrogen
fertilization treatments had no significant effect on root diameter of Egyptian
clover at the three cuts in both seasons with the exception of the second cut
in the second season. This means generally that root diameter did not
respond to nitrogen fertilization either as a soil or a foliar application,

On the other hand, the number of nodules grown on the root were
increased significantly by nitrogen fertllization as soll application up to 20 kg
N / fad. three doses {60 kg N / fad. T;) and as foliar application up to 2 kg urea
ffad. six doses (12 kg urea / fad. T;) compared to unfertilized plant (T,). Such
significant effect was true in the three cuts in both seasons with exception of
the second cut in the first season. This result indicate that adding nitrogen
fertilizer either at low or high level stimulated nodules formation on plants ~
root.

The data show that nitrogen fertilizer as soil or foliar applications caused
an increase in plant height of Egyptian clover compared to the control
treatment (no N application, T,). However, The differences among the tested
treatments were significant only in the third cut in the first season, where the
soil application of 20 kg Nffad. three doses (Ts) and foliar application of 2 kg
urea / fad. three doses (T;) or six doses {T7) gave the highest plant height as
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Tabie (1): Effect of soil and foliar application of nitrogen fertilization on the growth of Egyptian clover

during 1998 /1999 and 1999/2000 seasons.

Characters
Root diameter {mm.) Number of root noduies / plant Plant height {cm.)

Treatments ) L ‘ ‘

f Lo Lo (Mo | T [ S [ S [ween [ 5 TE T o e

1998 / 1999 season
T+. Control (No appication ) 810 | 550 | 552 | 537 1855 23.85 | 19.43 | 2044 | 3322 | 4290 | 44.43 | 4018
T2.5". 20 kg N / fad. (20 k¢ one dose) 550 | 590 | 580 517 20.79 23.68 21.74 | 22.07 33.55 | 43.72 | 4597 | 41.08
Ta.8. 80 kg N/ fad. (20 kg three doses) 640 | 720 | 910 | 7.87 25.47 26.09 | 2370 | 26.75 | 37.16 | 46.95 | 50.58 | 45.56
Ta. F*. 3 k) urvalfad. (1 kg three doses) 565 | 568 | 84D 5.88 _ 21,78 23.88 21.98 22.55 33.93 | 44.35 | 46.28 | 41.52
Ts. F. & kg ureaifad. (2 kg three doses) 618 | 622 | 653 | 631 23.77 2530 | 2314 | 24.07 | 3530 | #4.90 | 50.47 | 43.56
Te. F. & kg ureaftnd. {1 kg six doses) 488 | 685 | 645 | 573 22,04 2524 | 2233 | 2320 | 34410 | 4480 | 4770 | 4222
Tr. F. 12 kg urea/fad, {2 kg six doses) 622 | 678 | 7.75 | 692 | 2233 2640 | 24.49 | 2431 | 3583 | 47.45 | 50.53 | 44.60
L.S.D at 0.05 ’ NS | NS [ N8 | NS 3.20 NS | 167 230 N.§ NS [ 4068 | NS
1999 / 2000 season
T,. Control (No application 450 | 3.97 | 5.07 4.651 17.06 21.76 17.60 18.81 36.05 5§3.0 | 7T1.25 | 53.43
T..8*. 20 kg N / fad. (20 kg one dose) 535 | 513 | 556 | 534 19.13 2179 | 2000 | 20.31 | 2620 | 56.0 | TA.75 | 57.32
T5.5. 60 kg N/ fad. (20 kg three doses) 680 [ 745 | 750 | 7.28 23.43 2785 | 22.26 | 2451 | 18.50 | 59.25 | BB.75 [ 62.17
T.. F™. 3 kg ureaffad. {1 kg three doses) 547 | 585 | 570 | 579 20.058 2197 | 2022 | 2075 | 36.35 | 5550 | 83.0 | 58582
Ts. F. 6 ky urea / fad. (2 kg three doses) 588 | 653 | 665 | 6.35 21.87 23.27 | 21.29 | 2244 | 36.40 | 50.75 | 8575 | 57.63
Te. F. 6 kg uren ! fad. {1 kg six doses) 570 | 653 | 655 | 6.26 20.30 23.23 | 2044 | 21.38 | 3545 | 5575 | 83.00 | 58.77
Tr. F. 12 kg urea / fad. (2 kg six doses) €05 | 665 | 675 | 6.48 23.31 2429 | 21.58 | 23.06 ; 37.65 | 57.25 | 66.50 | 60.47
L.SD at0.05 N8 1.49 NS NS 2.85 4.29 1.56 4.00 NS | NS NS N.S

* §. = Soil application

** F. = Foliar application
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Table (1): Cont.

CLpcters Stem diameter {mm.) Number of branches / plant Leaf area cm’ Leaf m:wé ratio %
Trestments 1 2™ 3 " Fl ™ Pl " S
cut ‘ cut I cut i Mean cutT cut | cut L“""" cut l eut | cut l Mean | oot | cut cutJ Mean
1998/1999 spason

Ty 270 | 278 | 2.80 276 4.01 4.29 4.42 a.24 10.60 10.28 11.61 10.83 | 36.03 | 3760 |41.32] 38.32

‘2 322 | 310 | 338 3.23 4.30 4.89 4.83 4.61 10.69 14.32 11.82 11.28 | 3801 | 40.52 [47.24) 41.92

T3 403 ; 442 | 463 436 532 5.88 5.59 5.60 13.50 | 14.86 | 14.63 | 1433 | 43.79 | 4490 | 51.30| 46.86

T4 3,50 | 3.22 | 3.45 338 4.02 5.08 5.14 4,74 1214 | 1236 | 1198 | 92,16 | 38.50 | 42.55 [4A7.68| 43.24

TS 358 | 3.50 | 4.05 a7t 4.70 5.22 5.26 5.06 13.14 | 13.04 | 13.30 | 13.16 } 40.99 | 42.80 ) 49.69} 44.49

T 353 | .28 | 353 345 4.59 5.20 522 5.00 12.58 | 12.72 [ 13.16 | 12,82 | 40.60 | 42.77 14933 | 44.23

™ 385 | 363 | 413 77 513 5.32 5.26 5.27 12.14 | 1431 14.25 13.57 | 41.77 | 43.38 | 50.24] 45.13
LSDatoos | MS. [ 088 {103 | 099 | 063 | 054 |o0s7 ] 055 | 120 | 1.79 | o8y | 1.20 | 158 | NS. | 308 | 250

1995/2000 season

™ 295 2,70 | 297 287 3.84 414 4.26 4.08 10.0¢ 9.87 11.44 10.36 | 26.89 | 37.69 [41.25] 35.28

T2 317 3.05 | 3.28 317 4,13 4.51 4.86 4.43 10.15 10.87 11.35 10.79 | 29.40 | 4536 |42.74| 3817

T3 4.07 415 | 447 4.23 5.15 562 5.53 543 12.83 14,28 13.89 13.67 | 32.53 | 5598 [60.67 | 49.73

T4 3.28 338 | 340 338 4.10 485 4.93 4,63 11.83 11.87 11.40 1160 | 29.09 | 47.60 | 45.40| 41.03

T5 3.40 | 3.50 | .78 3.56 4.51 5.01 5.06 486 12.61 12,52 | 12,63 1 12,50 | 32.01 | 50.456 : 48.30 | 43.5%

16 333 | 348 | 347 343 4.41 4.9% 5.01 4.80 1165 | 12.22 | 1257 | 1215 | 31.68 | 48.69 |47.17; 42.51

T; 3.56 | 360 | 4,00 a7z 4.97 5.11 5156 | 5.08 1207 | 1373 | 13.53 | 1311 1 33.74 | 51.56 | 53.09 4613
1.8Dat0gs | NS [ NS [ 081 | NS | 071 | 050 | 044 | 051 | 153 | 179 | 080 | 041 | NS. | 7.5 | 642 | 650

e uopealddy sejjod4 puy 110S 4O 39843 9yL UQ ApniS eAsesedwo)
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compared with the other treatments. The increase in plant height with
nitrogen application may be due to that N element enhances the meristematic
activity of plants.

With regard to stem diameter, the data show that plants fertilized with
nitrogen either as soil or as foliar application were more thickness than those
unfertilized. This result was significant in the 2nd and 3rd cuts in 1988/1999
season and in the 3rd cut in 1999/2000 season. Moreover, it could be noticed
that application of 20kg Nffad. three doses (60kg Nifad. T,) as soil application
and / or 2 kg urea /fad. six doses (12 kg urea i.e, 5.52 kg Nffad. T;) as a foliar
application were the most effective in increasing stem diameter compared to
the other nitrogen treatments,

Number of branches / plant seemed to be significantly increased with
nitrogen fertiization either as soll or foliar application in the three cuts in
both seasons. As an average of the three cuts data in both season, it is clear
that application of nitrogen fertilizer at a rate of 20kg N/ffad. one dose (T;) and
20 kg Nifad. three doses (T,) as soil application as well as 1kg urea/fad. three
doses (T,), 2kg urea three doses (Ts), 1 kg urea ffad. six doses (T¢) and 2 kg
ureaffad. (T;) as foliar applications increased the number of branches /plant
by 8.7, 32,6, 12.7, 19.2, 17.8 and 244 % over unfertilized plants (T,),
respectively. From these results, it can be conciuded that the increase in the
number of branches / plant with nitrogen application might be attributed to
the importance of nitrogen in building amino acids and consequently
proteins necessary for building the protoplasm of the new plant tissues.

The data show that the application of nitrogen fertilizer at any tested level
caused an increase in leaf area and leaf weight ratio compared to unfertilized
plants. This Increase was significant in the three cuts in both seasons for leaf
area and in the 1st and 3rd cuts in 1998/1999 season and in the 2nd and 3rd
cuts in 1998/2000 season for leaf weight ratio. The increase in leaf area and
leaf weight ratio reached its maximum by soll application of 20 kg Nffad.
three doses i.e, 60 kg Nifad. (T;) compared to the other nitrogen treatments.

.On the other hand, it can be noticed that the foliar application of 1 and 2 kg
urea / fad. either three doses (T, and T) or six doses (T anid T;) were found
to be more effective in increasing leaf area and leaf weight ratio than soil
application of 20 kg Nffad. one dose (T2). This result may be due to the failure
of plant roots in absorbing all amounts of nitrogen fertilizer applied in the
soil. * ‘ _

Similar results were obtained by many investigators who found that
nitrogen fertilization to Egyptian clover led to the increase in plant height
(Hussein et a/, 1983 and Shaaban et a/, 1984), number of branches / plant
{Ibrahim and Abdel-Aal, 1990} -and number of nodules / root (Taneja et al,
1994).
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2) Forage yield:-

The fresh and dry forage yields / fad. as well as nitrogen use efficiency as
influenced by soil and foliar application treatments in the two growing
seasons are shown in Table {2). The data indicate that fresh and dry forage
yields / fad. were found to be significantly increased by nitrogen fertilizer
either as a soil or a foliar applications in the three cuts in both seasons, with
exception of the 3rd cut in the first season. The data of total yield of the three
cuts show that the plants fertilized with 20kg N/fad. three doses (60kg N/fad.)
as a soil application {T;) produced the maximum fresh and dry forage yields /
fad. (36.01-45.71 and 6.37-10.99 ton, respectively). The yield increases
amounted to 56.2-47.2% and 76.0- 89.2 % more than that obtained by
unfertilized plants, respectively.

The increase in forage vield of clover by nitrogen fertilizer may be due to
the increase in the growth characters such as plant height, stem diameter,
number of branches / plant and leaf area. In this concern, favourable effect
on Egyptian clover productivity have be reported due to nitrogen application
by Sharma and Baradkar (1995), Sinha and Rai {1995), Sharma et al {1998)
and Desole et al {2000) for fresh forage yield, and by Taneja et al (1991), Ratel
(1998), and Bariki and Tiwari {1998) for dry forage yield,

The data of nitrogen use efficiency (NUE) in Table (2) indicate that each
kifogram nitrogen applied as soil application (T, and T,) produced about 117
and 216 kg total fresh yield ffad. in the first season, and 160 and 244 kg / fad
in the second season, respectively more than the control treatment (T,).
However, each kilogram nitrogen applied as foliar application ({T,,Ts T and
T;) produced about 2094, 3155, 2583 and 2034 kg total fresh yield /fad. in the
first season, and 3311, 2978, 1735 and 1603 kg /fad. in the second season,
respectively more than control treatment (T;). Mareover, the same trend was
observed also for the nitrogen fertilizer efficiency on the dry yield ffad. in the
 two seasons. From these results, it could be concluded that the nitrogen
fertilization was so more efficiency on clover productivity when it was
applied as foliar application, especially at the rate of 1 or 2 kg urea /fad. three
doses (T, or Ts) than the soil applications.

The superiority of nitrogen use efficiency as foliar application rather than
soil application may be attributed to the completely absorption of nitrogen
fertilization by foliar application by the leaves and translocated directly to the
assimilation organs, without any losses, for buiiding the metabolites
synthesized.
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Table (2): Effact of soil and foliar application of nitrogen fertilization on fresh and dry forage yields
({ton/fad), and nitrogen use efficiency (NUE} “Kg yield/ Kg N” during 1998/1999 and 1999/2000

wiyeIq) "W Y PUE [eY — [9DqY W 'S Jexeseg 'H Y

$easons.
Characters Fresh forage yield Dry farage yield
T 27 [ 3" | Total | Relative | NUE | 1= | 2° | 3° | Total | Reiative | NUE |
cut cut cut cut cut cut
Treatments ]
1998 7 1999 speason

T:. Control (No application 5.72 7.78 9.55 23.05 100.0 . 098 ) 0.97 | 1.66 362 100.0 -

T:.8" 20 kg N/ fad. (20 kg one dose) 574 9.65 10.01 25.40 110.2 117.5 1.07 | 1.258 | 2,14 4.46 123.2 42.0

T2, 60 kg N / fad. {20 kg three doses) 10.70 | 1288 | 12.43 | 38.04 166.2 2160 | 1.83 | 1.94 | 255 | 6.37 176.0 45,3
Te. F™. 3 kg urea/fad. {1 kg three doses) 6.02 9.75 10.17 25.94 1125 20942 | 115 | 1.28 | 2.26 459 130.0 756.4

Ts. F. 6 kg urealfad. (2 kg three doses) 10.09 | 10.95 | 10.72 376 137.8 31558 | 142 [ 1.50 | 2.30 522 144.2 579.7

Te. F. 6 kg urea/fad. {1 kg six doses) 10.04 9.82 10.32 30.18 130.8 25833 | 1.25 | 132 | 228 4.8B5 134.0 445.7

Tr. F. 12 kg urealfad. (2 kg six doses) 10.53 | 1210 | 11.62 34.28 148.7 2034.4 | 1.46 | 184 | 2.45 8.55 1533 349.6_J

L.S.D at 0.05 1.24 3.04 N.S. 394 0431 | 042 | 038 0.87
1999 / 2000 season

T Control {No application 8.57 9.1¢ 13.30 | 31.06 100.0 - 1.83 | 1.76 | 2.62 5.81 100.0 -

T2.5" 20 kg N/ fad. (20 kg one dose) 9.27 10.32 | 14.68 34.27 1103 1605 | 1.83 | 2.38 | 3.26 747 128.9 83.0

T».S. 60 kg N / fad. {20 kg three doses) 12.43 § 12.95 | 20.33 48.71 147.2 2442 | 283 | 362 | 454 | 1099 189.2 86.33
Te. F™. 3 kg ureaifad. (1 kg three doses) 10.15 | 10.59 | 14.8% 35.63 114.7 33116 | 202 & 241 | 3145 158 1308 1282.6

Ts. F. 6 kg ureaffad. (2 kg three doses) 10.15 | 11.46 | 17.67 39.28 126.5 2978.3 | 210 | 3.01 3.58 8.69 150.0 1043.5

Ts. F. 6 kg ureaifad. (1 kg six doses) 9.63 10.59 [ 1563 | 35.85 115.4 17355 | 1.98 | 260 ; 3.24 7.82 134.56 7283

Ts. F. 12 kg urealfad, (2 kg six doses) 1032 | 11.20 | 18.39 38.91 128.5 1803.3 | 214 | 315 | 3.46 8.75 150.6 5326

L.S.D at 0.05 2,20 1.99 4,25 6.02 050 | 0.89 | 0.76 1.74

* 8. = Soil application

** F. = Foliar application
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