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ABSTRACT

Two field experiments were conducted during (1999/2000) and (2000/2001)
seasons at El-Serw Agricultural Research Station to investigate the effect of three tile
drainage spacings (15,30 and 60m.) and nitrogen application rate (0,45,60 and 75kg
N/fed) on yield , nitrogen uptake by wheat plant , and nitrogen losses by leaching .

The obtained data revealed that decreasing drainage speasing up to 15 m.
Led to an increase in grain , straw yields and nitrogen uptake .Also , N- losses by
leaching increased significantly by decreasing drainage spacing up to 15 m , so
dividing of N - application rate into 3 doses decreased N- loss by leaching .

On the other hand , the restults indicated that incerasing N- fertilizer rate up
to full recommended dose increased significantly grain and straw yields , N- uptake by
wheat plants and nitrogen losses by leaching .

From the obtained results , it could be concluded that the maximum wheat
grain and straw yields could be achieved by using drainage spacing of 15 m and
nitrogen application rate of 75 kg/fed added in three doses to decrease nitrogen
loss by leaching .

INTRODUCTION

Tile drainage is playing an important role in improving the growth
and yield of plants and subsequently increasing not only nitrogen uptake but
also all nutrients. The tile drainage also causes very important changes in
nutrients movement which make these nutrients more available for piant
growth.

On the other hand, nitrogen is the most important nutrient required
for all plants to obtain maximum yield . With regard to the effect of tile
drainage on yield , N uptake and N looses , Singh et al. (1996) and Sharma
et al. (1998) found that wheat grain and straw yields decreased with
increasing drainage spacing . Also, Soskic et al. (1987) revealed that more
No; -N was lost in the tile drainage system at the 15 m spacing than at 30m ,
while El-Hamshary et al. (1996) reported that nitrate losses decreased with
increasing time after nitrogen applications . The losses of nitrate were
affected by the hydraulic conductivity of the soil .

Regarding the effect of N fertilizer on crop yield , N uptake and N
losses, Kotb (1998 ) and El-Naggar (1999), found that increasing N fertilizer
significantly increased grain , straw yields and N uptake .

On the other hand, Lund et al. (1981) reported that about 80 % of
added N fertilizer may be lost by leaching from irrigated soils, while when the
N. Fertilizer was added in several small doses decreased nitrogen losses
(Asseng et al., 1998 and Webster et al., 1990)
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Thus, the purpose of this study was to investigate the effect of tile
drainage and N - fertilizer rate on wheatyield , N uptake and N- losses by
leaching .

MATERIALS AND METHODS

Two fields experiments were carried out at Ei - Serw Agricuitural
Research Station during winter seasons of ( 1999 / 2000 and 2000 /2001 ) in
order to study the effect of nitrogen application and tile drainage distance on
yield , N uptake and N - losses by leaching .

Soil samples were taken namely from the depths of 0 - 20 and 20 -
40 cm. The chemical and physical properties of tested soil were measured
according to the standard methods reported by Hesse (1971) and Jackson
(1967). Some physical and chemical properties of the experimental soil are
shown in Table (1)

The experimental design was split plot with four replicates . The
spaces between tile drains accupied the main plots , while sub plots were for
nitrogen fertilization levels (0,45,60 and 75 kg N /fed ). Each nitrogen fertilizer
rate in the form of ammanium nitrate was divided into three doses. At harvest
stage in both seasons, grain and straw yields were recorded . Samples of
grains and straw were ground and wet digested as described by Hasse
(1971) . Nitrogen was determined by using micro kjeldahl method , while N.
uptake was calculated by multiplying the nitrogen concentration by dry weight
of the grain and straw yields per feddan .

Samples of ground water were taken from each plot to determine the
concentration of leached NOs-N and NHs-N according to the methods
reported by Black (1982). All the obtained data were statistically analyzed
according to Snedecor and Caochran (1967) using L.S.D. to compare the
treatments values

Table (1):a- Physical and chemical properties of the soil samples before
planting wheat (1™ season)

. Soil F
Drains Texture S.P. O.M. o |Available| pH EC
distance Def:‘h"c Class % A N.ppm | 1:25 dSim
15m 0-20 Clayey 96.5 0.48 2.40 40 7.8 35
20-40 Clayey 98.0 0.60 2.63 33 8.1 3.2
PO m 0-20 Clayey 80.50 0.90 2.25 43 7.9 37
20-40 Clayey 77.05 0.63 2.25 35 7.8 4.7
60 m 0-20 Clayey 100.0 0.60 261 45 8.1 4.7
20-40 Clayey | 103.0 0.50 2.81 36 8.0 58
b-Physical and chemical properties of the soil samples before planting wheat zfugon
15.m 0-20 Clayey 95.5 1.10 2.24 40 8.00 1.2
20-40 Clayey 88.5 0.92 2.51 36 8.10 1.2
30 m 0-20 Clayey 98.0 0.94 234 44 7.90 32
20-40 Clayey 107.5 0.79 2.60 38 8.00 2.7
60 m -20 Clayey 96.5 0.86 264 47 8.10 31
0-40 Clayey 109.0 0.57 2.81 39 8.20 44
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RESULTS AND DISCUSSION

1- Grain and Straw yields:
1- Tile drainage spacing effect:

Data in Table (2) showed a significant increase in the grain and
straw yields with decreasing drainage spacing . This is may be due to the
effect of drainage on improving soil physical and chemical properties which
affect water -air relations in the rootzone, root penetration which leads to
more water and nutrients intake. These results are in agreement with those
obtained by single et al.(1996) and Sharma et al. (1998).

2- Nitrogen fertilization effect :-

Data in Table (2) revealed that nitrogen fertilization had a highly
significant effect on grain and straw yields. There is a significant increase in
grain and straw yields with increasing nitrogen level up to 75kg N /fed . The
increment in grain and straw yields due to nitrogen fertilizer may be attributed
to the beneficial effect of added available nitrogen on plant growth . These
results are in accordance with those obtained by kotb (1998 ) and El- Naggar
(1999) .

[T - Nitrogen uptake in grains and straw at harvesting:
1 - Tile drainage spacing effects:

Data in Table (3) showed that N uptake in grains and straw were
significantly increased with decreasing drainage spacing. This may be due
to the effect of drainage spacing of 15 m , which improved drainage status
resulting water - air balance in the root zone , and subsequently increasing
the amount of available nutrients to the plants .

2 - Nitrogen fertilization effects:

Data in Table (3) indicated that N uptake of grains and straw
significantly increased with increasing N levels in both seasons .It was seen
that the amounts of N - uptake in grains along with all the level of N applied
were higher than those in straw .The beneficial effect of N - fertilizer level on
nutrients uptake might be due to the effect of N - fertilizer on improving
vegetative and root growth , hence increasing the absorbing area of roots ,
and in addition to the increase of root size in the presence of nitrogen
fertilizer .Similar results were obtained by Kotb ( 1998 ) and EL - Naggar
(1999 ).

I1I - Nitrogen loss by leaching:

Nitrogen loss by leaching is considered an important one of nitrogen
losses atall . It depends on soil texture, soil atmosphere, amount of irrigation
water , drainage state and amount of nitrogen fertilizer added to the soil .

Data in Tables (4 , 5and 6 ) showed the effect of drainage spacing
and N - fertilization level on N - Loss by leaching through soil cultivated with
wheat plants after different times from irrigation process during two seasons

2755




El-Hadidi,E.M . et al.

Table (2). Mean of grain and straw yields at harvesting stage as affected
by drainage spacing and N. fertilization level in the two

seasons.

Fi—— Grain yield, (Ardab/ fed ) Straw yield ,( ton / fed )

1¥ season [2™ season|Mean 1% season 2™ season|Mean
1- Drainage spacing
60 m 11.22 12.61 11.92 2.79 3.10 2.90
30 m 13.80 14.13 13.97 3.13 3.50 232
15 m 14.97 15.18 15.08 3.39 3.68 3.54
IF. Test XX XX XX XX XX
LSDat5% 0.343 0.505 0.038 0.183
2- N . Fertilization level
INO 7.90 8.30 8.10 1.99 2.26 212
IN45 13.43 14.18 13.81 3.00 3.29 3.15
INBO 15.59 16.22 15.91 353 3.86 3.70
IN75 16.38 17.18 16.78 3.89 417 4.03
F_ Test 1.4 XX XX XX
L.S.Dat5% 0.260 0.156 0.032 0.079

Table (3). Means of nitrogen uptake in grain and straw at harvesting
stage as affected by drainage spacing and N. fertilization
level in the two seasons .

Grain Straw
Treatment N . uptake ( kg /fed ) N. uptake (kg / fed )
7% season | 22 season| Mean | 1= season |2 season| Mean
1- Drainage spacing
0m 19.53 25.33 22.43 4.99 6.25 5.62
30 m 27.84 31.18 29.51 6.47 8.01 6.24
15 m 32.40 39.75 33.58 7.70 8.61 8.16
IF. Test XX XX XX XX
L.S.Dat5% 0.818 0.937 0.135 0.381
2- N . Fertilization level
NO 13.40 15.08 14.24 3.69 462 4.16
N45 25.64 29.36 27.50 5.07 7.20 6.64
NGO 31.48 36.52 34.00 7.43 8.91 8.15
IN7S 35.86 40.73 38.30 8.36 9.77 9.07
r. Test XX XX XX XX
LS.Dat5% 0.52 0.45 0.07 0.18

1 - Tile drainage spacing effects .

Data in Tables ( 4 ,5 and 6 ) indicated that N - loss ( NO3 -N and NH4
- N ) by leaching significantly increased with decreasing tile drainage spacing,
therefore to obtain the benefits of improving drainage and minimizing NOs -N
and NH4 - N loss, nitrogen fertilizer must be applied in three equal doses at
different times from planting . The decrease in NO;-N and NH4- N leached
with increasing the period after irrigation is attributed to less amount of water
moved downward and then less water is carrying NO; - N and NH4 -N lost
by leaching downward to water table or ground water .

The increases in NO,- N and NH4 -N lost by leaching with decreasing
drainage spacing may be explained on the assumption that the drainage
spacing of 15 m obtains a good drainage, improving soil physical and

chemical properties and subsequently developing a better structure and
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improving hydraulic conductivity which affected water down movement
carrying many nutrients in soluble forms . These results are similar to those
obtained by EL -Hamshry etal,, ( 1996 ) and Zhagetal. ,( 1995 ) .

2 - Nitrogen fertilization level effects:

Data in Tables (4.5and 6 ) indicated that nitrogen loss by leaching
(NOs-N and NH4-N) significantly increased with increasing N- fertilization
level . This is due to increasing soluble nitrogen in the soil solution ., where
about half of each addition is lost with water downward movements .

The highest values for N. loss by leaching into ground water from N-
fertilizer levels were obtained at three days after N- fertilizer addition , these
values were pronouncedly decreased as days after N- fertilizer addition
increased until it reached to its lowest values before the next irrigation . The
results are similar to those obtained by Webster et a/.(1990) and Asseng et
al. (1998).

Table (4). Means of N-loss (ppm) by leaching after first irrigation as
affected by tile drainage spacing and N- fertilization level during

two seasons .
3 days after irrigation |14 days after irrigation [Before the next irrigation

Treatments NO; NH4" NGy NH4" NO; NH4™
1% Season | 2= Season | 1° Season |2 Season| 1% Season | 2* Season

A- Drainage spacing

60m. 8.60 |10.74( 2.88 | 3.60 | 6.79 | 8.79 2.30 292:583|660|193|2.19
30m. 10.63{12.80]| 3.55 | 4.23 | 8.63 [10.58| 2.86 | 3.45{ 7.61 | 7.61 | 2.52 | 3.11
15m. 13.16{15.19| 4.38 | 5.11 {11.16/12.90| 3.71 | 4.34 | 9.55 |11.14] 3.19 | 3.70
.Test X1 oxx. §oxx 0] ek | e booor 1o | s | oax
E.S.D. at5 % 0.586|0.756(0.0640.128{0.238/0.214|0.094{0.030{0.433{0.207/0.157|0.122

- N-fertilizer level

NO 317|426 1106 (142|244 (3.26|083|1.08|1.61]|247|0.55]|0.84
N45 10.67(12.51| 3.56 | 4.09 | 8.49 {10.48| 281|346 |7.72 1858 | 257 | 2.87
N60 13.33|15.34| 4.34 | 5.17 |[10.80|12.77| 3.56 | 4.24 | 9.64 [11.01] 3.21 | 3.563
N75 16.00 (19.53 5.37 .58 |13.93|16.53 462 550 1168[14.16[3.88 K66
IF.Test XX pOC poC px X KX POX pOC poc X XX
L.S.D.at5% 0.183 [0.381 10.215 |0.263 |0.489 |0.379 |0.168 {0.108 10.415 0.243 [0.141 10.111
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Table (5). Means of N-loss ( ppm ) by leaching after second irrigation as
affected by tile drainage spacing and N- fertilization level during
two seasons .

3 days after irrigation [14 days after irﬂgiionlBefore the next irrigation
Treatments NO; NH4" NOs NH4" NO; NH4"
19 Season [2= Season |1 Season 2% Season|1* Season 2% Season
A- Drainage spacing :
60m. 12.88113.781.27 461 [11.23]12.29(3.70 14.03 9.43 10.26/3.03 B.39
30m. 14.94115.03/4.05 |2.28 [12.86[13.68/4.28 14.68 10.83/11.48[3.52 [3.80
15m. 17 63[18.63/5.88 .33 [14.81[15.54]4.50 {5.10 12.79/13.41[4.23 4.49
F.Test X pex XX XX X XX box X X XX
LS.D. at5% 10.243]0.422[0.175/0.137 469)0.171]0.1860.159/0.547]0.529 .199(0.232
B- N-fertilizer level :
NO 731 17.80 [2.41 [2.60 [5.47 [5.74 |1.80 |1.86 [4.50 |4.08 [1.32 [1.34
N45 11.63[13.26[3.83 }4.36 9.73 [11.503.14 13.80 |8.43 [9.97 [2.74 3.32
N60 10 5320.546.54 §6.93 [17.47[18.005.78 16.00 14.44|15.18}4.74 |5.04
N75 2 12122 84[7.36 |7.74 [19.19[20.1116.44 6.87 16.77[17.68(5.56 |5.87
F.Test DOX < hx b b pox x  bx X XX XX
L.S.D.at5% 10.51310.675/0.233 52310.64310 556/0.209]0147 10.532/0.475/0.261 .303

Table (6). Means of N-loss ( ppm) by leaching after third irrigation as
affected by tile drainage spacing and N- fertilization level during
two seasons .

3 days after irrigation |14 days after irrigation Before the next
irrigation
Treatments NOy NH4" NOy NH4" NO;y NH4"
77 Season|2= Season| 1% Season |2 Season|1* Season [2* Season
A- Drainage spacin
60m. 15.61]16.48/5.18 [5.53 [13.05[14.2614.33 #4.80 11.38[12.64/3.80 @4.07
30m. 19.7820. 71657 16.98 [16.12]16.83/5.85 |5.59 (13.42 14 67}4.46 14.89
15m. 23.07123.86[7.67 [7.91 [19.42[20.316.45 6.76 16.48[17.7815.49 15.77
F.Test x  pox x  Xx ox px xx XX X px  pex
L.S.D.at5% 0.934]1.18 10.136)0.236/0.832]0.735[0.5320.345 56610.443)0.122/0.188
B- N-fertilizer level
NO 8.99 [9.56 .01 B3.29 [7.11 [7.63 [3.38 [2.49 1587 6.30 [1.92 2.12
N45 16.56/17.90/5.48 [5.99 |12.90/14.7314.30 14.91 10.26[12.24[3.41 [3.93
N60 52.03[24.46[7.90 18.19 [20.52[21.19(7.04 [7.12 18.17/18.90/6.04 6.31
N75 b8 4729.30/9.49 [9.77 [24.24/24.9918.09 8.34 20.73[22.016.96 [7.27
F.Test hox boc b pox bx  pox  x X box  pox  bax
L.S.D. at5% 10.850(0.71510.25010.298[0.791 0.473/0.307/0.131)0.61910.647]0.21110.168
CONCLUSION

In the light of the obtained results , it can be noted thatthe
practical application of nitrogen fertilizers accompanied by tile drainage is
important for sustainable soil fertility , economically by reducing N - loss by
leaching , and ecolgically by reducing nitrate pollution in the ground water
and other harmful impacts on the environment .

2758



J. Agric. Sci. Mansoura Univ., 27(4), April, 2002

REFERENCES

Assong, S.; LLR.P. Fillery; G.C. Anderson; P.J.Dolling; E.X. Dunin and B.A.
Keating (1998). Use of APSIM wheat model to predict yield . drainage ,
and No-; leaching for a deep sand contributions of legumes to nitrogen
nutrition and sustainable production of cereals . Proceedings of
workshop held at moora and woorocloo , western , Australia , Australian
Journal of Agricultural Research, 49 (3): 363-377 .

Black , C.A. (1982 ) .Methods of Soil Analysis , Part 2, American Society of
Agronomy Inc . Publisher , Madison , Wisconsin , U.S.A .

El-Naggar, E.M.A. (1999). Efficiency of bio and chemical fertilization on wheat
. Ph.D. Thesis , Fac . of Agric, Mansoura Univ., Egypt .

El-Hamshary, S.A.; AM.Sorour,, K.M.Hafez and M. Kandeel (19586).
Effectiveness of conventional sutsurface and nitrate losses in drainage
water in Nile Delta of Egypt. Fourth National congress on Poliution
control of agricultural environment. Egyptian - Journal of Soil Science .
36 (1-4) : 145-152.

Hesse . P.R. (1971) A Text Book of Soil Chemical Analysis . John Murry
(Publishers ) Ltd., 50 Alpermarls Street , London .

Jackson, M.L. (1967). Soil Chemical Analysis . Printice Hall of India , New
Delhi.

Kotb , M.T.A. (1998) . Response of wheat to bio fertilizer and inorganic N and
P levels . J. Agric. Sci. Mansoura Univ, 12 (9) 4067-4087.

Lund , D,C.; P.F. Prattand S.E. Bishop (1981). Nitrate and Salt in soils and
ground water from land disposal . Soil Sci. Soc. Am.Proc.: 35:759-782.

Sharma , D.P. and S. Komal (1998) . Effect of subsurface drainage system
on some physicochemical properties and wheat yield in water logged
saline soil . Journal of the Indian Society of soil Science 46(2): 284-
288 .

Singh, R.V. ;K.M. Gautam and B.Vincent (1996). Evaluation of the
performance of subsurface drainage system in chambal command
area India . Sustainability of irrigation agriculture . evaluation of
perfcrmance of subsurface drainage systems . Proceedings of
workshop at the 16™ ICID Congress .Cairo , Egypt , 165-174.

Snedecor , G.W. and W.G. Caochran (1967). “ Statistical Methods * 6 ™ ed _
Oxford and IBH. Publishing Co., Calcutta , India .

Soskic , M.; L. Dumija ; J. Manitasevic and F. Pavlic (1987). Nitrogen content
of tile effluent as affected by different drainge systems . Agrohemija .
No 4 : 305-311 .

Webster , C.P.; KW.T. Gouldbing and A Scaife (1990) . The assessment of
methods for measuring and strategies for decreasing nitrate leached
from arable land . Proceeding Congress of the European Society of
Agronomy , 5009 .

Zhang . W.; Y.F. Zhang and Y.F. Zhamz . (1996) . Drainage flow and nitrate
leaching in tile drainage effluent . Proceedings of the 6th drainage
workshop on drainage and the environment , Lujbljana , Slovenia
April 21-29; 513-522.

2759




El-Hadidi,E.M . et al.

3p\iS 5 zemadl JJ—JAML’&FQ-L_DJ‘;IJ‘ Landll g aal) i pal) eLBJJ.;iJ
g A ) plaiiad
g'g_._sll\&_amm_-s'gk__iﬂ\up._-m“ “__qég.la.“.ly:ua.\._\u!\
THIAD 2 eland e g (AsAD G dgans ¢ A B s
-@,Adlh..g—&.a!_,)itl#—ﬁlﬂ&ré-\

Sl = A3 sl 38 m — Ay olaal g (ol ) Sugg g =

i Jesay Yool [Yess g¥eesf1944 w,‘m;,ug;}&tg)_ﬂ;@i
—brall 3 sl Al Cilile 35 plasiul Ll A gl Ao 5 S
| xS Vo-l.-go = i) syl el e Y ame il g (e 1s=Yi=V0)
e dgiial g gl AnaS SISy Galiaal) Cin gl A0S il Jgpana o (014
¢ daall 3

L‘..‘.'])'l__a\OJJ}.J)_A\QELMJ&E‘jLchM\Q&um&LiﬂJ
iy Al e Aaadl A8l XS ¢ Ay oana B Az S
ol s b 2y ¢ Jpusdl) Gk G g Y e 52 gl ApaSl) SIS 5
2 g—didll ﬁ,;q1@3@1,vmﬁdjgéai@un¢u;mgy9_-.9.:.,)3;41
* el

Janad ) i g sl pandll Jana 3ol O il Gyl 5 Al Aali s
sy g s ol pans b dpgina 3] s (8] S VO ) 4 el
e il (i e 2siial) g i A XSy aiad] Ol S A

il .L;i,mhdz..:,_-j Uil (Sa lgle Juasidl zoall ey
M‘eﬁd‘dﬂ‘eiﬁéﬂ‘°uﬂ¢umeim‘ Giok 05 UsS
sl e SN il ey Cilada S5 e (ladfanS VO Jaaay g Al
S g s

2760



