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FERTILIZATION
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ABSTRACT

Two field experiments were conducted at the Experimental Station of
Faculty of Agriculture (Saba-Basha) Alexandria University, Alexandria
Goverriorate during 992000 und 2000/2001 seasons. The main objcctive was to
study the influence of moisture stress imposed during some growth stages and
nitrogen levels on whegt physiology and yield. A split-spilt plot design with three
replicaretiv-ix was used, Five irrigation treatments (WI= full irrigation. W2=
stress at vegetative stage W3= stress at flowering stage, Wd=stress at grain
filling stage and W35= rain fed treatment) were assigned to the main plots, four
aitrogen levels (No= 0, N1=83, N3= 166 and N4= 250 kg N/'haj were allocated to
the swab-plots. While both cultivars (Sakha 69 and Sahel 1) occupied the sub-sub
plots. Results indicated that moisture stress imposed at the different growth
stages reduced significantly leaf area index (LAI), crop growth rate (CGR),
relative growth rate (RGR), net assimilation rate (NAR) end chlorophyll
contennZs. There was positive correlation between grain yield and LAl CGR,
RGR and NAR in both seasons. However, increasing N levels from zero up to
250 kg Nha increased significantly these traits in both seasons. Sakha 69
cultivar exceeds Sahel 1 in most of these traits. Generally, when it is necied to
save considerable amount of water of wheat cultivars under study without big
reductEon in these traits, skipping an irrigation at grain filling stage my be
practiced, providing that temperature and wind velocity are not great and with
moderecate relative humidity,
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INTRODETION
Wheat (Triticum aestivum L.) is the most important and most widely
culttvated cereal crop in the world. Its importance derived from many

properties and uses of its kernels, which make it a stable food for more than
one-third of the world population (Sabry et af 1999).

Drought continues to be a challenge to agricultural scientists, despite
many decades of research. The impact of drought could be more accurately
predicated with a clear picture of the relationships between growth stape and
plan, response to stress. The optimum timing and dose of fertilizer and
irrigation applications are also best determined by crop growth stage rather

than calendar date.



The magnilude of yield reducton from water deficiis in wheat
depends upon the growth stage at which the water deficiency occurs and the
severity and duration of the deficiency.

Literature on “moisture-sensiiive stages” suggests that wheat has
stages in its development, which are not equally sensitive to water stress.
Internodes elongation and heading stages of growth are particularly sensitive
to water stress (Salter and Goode 1967). The crown root initiation,
flowering and dough were the critical growth stages in the life cycle of dwarf
wheat (Misra e/ al 1969). Moisture stress in the vegetative period reduced
the number of tillers, while irrigation after soft dough did not increase yield
as mentioned by Chauvhan ef al (1970). Water stress during boot and heading
stages limits yield potential without compensation when water stress is
relieved.

Fertilization and water are codependent management factors that may
not be completely evaluated as independent factors, as has been predominant
in past research. A number of studies (Campbell et a/ 1993, Moustafa et o/
1997 and Abd El-Monem 1999) have measured crop yields, fertilizer use
efficiency parameters and water use efficiency under different levels of
fertilization and irrigation water. However, none of these studies used both
crop vield and fertilizer use efficiency parameters to study the interaction of
optimum rate of chemical fertilizer and scheduling of irnigation water.
Therefore, the objectives of this study were:

To study the physiological response of some wheat cultivars to
moisture stress imposed at the different growth stages under nitrogen
fertilization levels.

To measure the effect of drought and nitrogen fertilization on
growth, development traits, yield and yield components of two wheat
cultivars.

MATERIALS AND METHODS

Two field experiments were conducted during the two winter seasons
of 99/2000 and 2000/2001 at the experimental station of Faculty of
Agriculture (Saba-Basha) Alexandria University, Alexandria, Egypt. The soil
texture of the experimental site was clay in both seasons. Detailed data of the
soil type characteristics and meteorological data of Alexandria Governorate
are presented in Tables (1) and (2) respectively.
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Table 1. Physical and chemical properties of the soil for the experimental sites
during both seasons.

Scason Season 99/2000 Season 2000/2001
Properties
Physical prepertics
Clay % 49.0 48.0
Silt % 15.0 13.3
Sand % 36.0 387
Soil texture clay clay
Chemical properties
pH 8.25 8.61
E.C {ds/m) 4.1 36
Cacos 13.7 16.6
Crganic matter % 2.2 1.8
Total nitrogen % 816 0.09
Soluble cations meq/100 g soil
Cs 0.88 0.82
Mg 0.69 0.65
Na 28 2.62
K L41 1.35
Scinble cations meq/100 g soil
Hcos 2.5 2.35
Ci 2.92 2.90
So4 0.37 C.18

These anzlyses were carried out at the soil department laboratory, Faculty of
Agriculiure (Saba Basha), Alexandria University.

Table 2. The meteorolo;ical data per month in Alexandria for 99/20600 and 2000/2001

seasons®,
99/2000 2000/260) W
Month Max  Min Ra Mean 12 Max  Min Ra  Mean U2 |
N T {wawy Ra%  wiwe T80 T (Gom} Rh%  moec

November 24.5 15.9 6.6 58 3.39 221 12.6 315 76 3.40
December 213 10.9 15 70 2.34 233 115 45 71 2.34

January 16.7 98 92.1 70 3.14 149 9.3 42 65 3.1

February 177 87 19.2 61 291 20,1 89 19 63 29
March i9.1 9.4 8.7 60 2.96 228 12.9 1.2 gLl 2.96
April 24.9 14.2 0.7 61 3.03 243 13.6 0.7 64 3.25

*These data were obtained from the meteorological station at Kobba, Caire, Egypt.
Max = maXimum temperature ¢* Min = minimum temperature <™ Ra = rain fall {mm),
Rh = relative humidity %, Uz = wind speed m/second



A spitt-split plotr design with three replications was used. The main
plots were devoted to five moisture stress treatments (russing one irrigation at
vegetative stage, nussing one irrigation at flowering stage; missing one
irrigation at grain filling stage; a severe water stress treatment (rainfall only);

and without missing any irrigation (Table 3). The sub-plots were assignedto™ -

four nitrogen levels (0, 83, 166 and 250 kg N/ha) in the form of (46% N). The
sub-sub plots were occupied by two wheat cultivars (Sakha 69 and Sahel 1).
Table 3. Moisture regime treatments.

Treatments Plant stages at which plants were water stressed
Vegetative stage Flowering stage Grain filling stage
Wi Watered Watered Watered
w2 ‘Water stress Watered Watered
W3 Watered Waltcr stress Watered
W4 Watered Watered Water stress
W5 Water stress Water stress Water stress

The experimental plot was 10.5 m* (3.0x3.5m). Wheat cultivars were
sown by broadcasting on the third week of November in both seasons at the
rate of 143 kg seeds/ha. Cultural practices were applied for wheat as
recommended in the region. Phosphorous fertilizer in the form of super
phosphate {15.5% P,0s) was applied during the preparation of the soil at the
rate of 238 kg/ha, whereas N fertilization was applied in two equal portions;
at sowing and befcre the first wngation. All plots were irrigated just after
planting (30 days after sowing). The moisture stress treatments were
imposed by missing irrigation at the previous mentioned different growth
stages.

Plant samples from sub-sub plots were collected and measured after
98, 118 and 138 days after sowing (DAS) to estimate, leaf area index (LAI)
crop growth rate (CGR), relative growth rate (RGR) and net assimilation
rate (NAR) according to the methods described by Franklin ez af (1983).
Chlorophyll was extracted from leaves (0.5 g sample was taken in 15 ml 80%
acetone and kept in the refrigerator for 24h). Then the sample was filtered
and absorption values of filtrate were read using SD- 100 ultraviolet and
visible spectrophotometer (pye Inc. comp. Ltd) at 663 and 645nm.
Chlorophyll (a), (b) and total chlorophyll were calculated using the formula
of Bonner and Varner (1965). At harvest number of spikes /m® number of
kernels/spike, 1000-kerne! weight and grain yicld (t/ha) were calculated.

All the data were statistically analyzed according to Steel and Torrie

(1982) and least significant difference at 0.05 level of significance was used
for comnaring the rreatment means
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RESULTS AND DISCUSSION
Growth analysis parameters
Leaf area index (LAI)

Mzans of LAI as presented in Table (4) revealed that significant
reductions were caused by moisture stress imposed at the different growth
stages when measured at both growth intervals A; (98-118) and A; (119-138
days) after sowing in both seasons, except at grain filling stage at (A,) in the
second season. The amount of reduction was 13, 12, 6 and 21% in the first
season, whereas in the second season it was 17, 9, 2, and 25% when plants
were subjected to water stress at vegetative, flowering, grain filling stages
and at severe water stress, respectively. This might be due to reduction in
number of cells through cell division and/or reduction in cell size through cell
enlargement and turgidity. Similar results were reported by Abd El-Gawad ef
al (1993) and Misra ef al (1998).

Concerning the nitrogen effect on LAI , increasing N level up to 250
kg/ha significantly increased LAI when measured at both growth intervals in
the two seasons Table (4). The progress in LAI could be explained by the
nitrogen effect on the number of tillerssim® and due to the nitrogen
stimulation on leaf size. These results are in harmony with those reported by
Frederick (1997) and Sabry ef al (1999).

Relative Growth Rate (RGR)

Data in Table {4) revealed that subjecting wheat plants to water
stress at the vegetative stage and at severe water stress significantly
decreased RGR when measured at A; (98-118) and at A; (119-138) DAS in
both seasons.

With regard to the effect of nitrogen, it was observed that RGR
increased significantly as a result of increasing N rate up to 166 kg N/ha
when measured at growth interval Al in the first scason. Additional
increments above this level did not result in a significant increase in RGR.
Similar results were reported by Omar and Abou-Bakr (1995) and Gaafar
{1997). On the other hand, there was a significant increase in RGR by

increasing N application up to 250kg N/ha at both growth intervals in the
second season.

Moisture regimes and N levels had a significant interaction on RGR
when measured at growth interval A, and A, and A, in 99/2000 and
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Table 4. Means of feaf area index (LAI) and relative growth raic (RGR) of two wheai

cultivars grown under different moisture regimes and nitrogen levels in
99/2000 and 2000/2001growinyg seasons.

Traits LAY RGR (g/g day)
I3
| Treatments 9972000 2000/2001 99/2000 _2000/2001
Ay Az Al A2 Al A2 | Al A2

Moisture regimes (A) !
Non-stress 5.08a 4178 4.52a 3.82a | 0.034a 0.021a | 0.033a | 0.621a
Stress at vegetative stage 4.32¢ 3.7 373c¢ 3.16d | 0.025b | 0.020m | 9.021b ; 0.017c
Stress at flowering stage 4.51¢ 3.67¢ 4.21b 3.34c 0.035a | 0.021a | 0.032a { 0.518h
Btress at grain filling stage 4.82b 3.86h 4.57a 3.62b 0.033a | 0.018a | 0.032a | 0.018b
Severe stress 4.063d 3.26d 3.49d 2.75e 0.020¢ 0.012k | 0021b ; 00114
Nitrogen fertilizer (B)
0.0 kg N/ha 2.70d 2.17d 2,954 2284 | 0.025b | 8016k | 0.023¢c | 0.014d
83 kg Nha 4.43¢ 3.55¢ 4.05c J.23¢ 0.027b | 0.015b ¢ 0.014c 0.017¢
166 kg/ N ha 532b 4.36h 4.46b 3690 0.032a j 0.019b | 0.03ib | 0.018b |
250 kg/ N ha 5.75a 4.86a 4.95a 4.18a 0.035a 0.024a 0.034a 0.020a
Cultivars {C)
Sahel 1 4.49b 3.66b 4.03b 3.25b 0.030a 0.019a | 0.628 | 0.017b
Sakha 69 4.02a 3.8la 4.18a 3.43a 0030a | 0.018a 0.029a 0.013a
Interaczions
AXB N.S N5 e b L NS an TS
AXC N.§ N.S el bt N.S NS NS NS
BXC N.8 N.S NS N.§ N.S NS N5 NS
AXBXC N.S N.S N.S NS N.S NS NS N.§

Means within a column followed by the same letter for each treatment do not differ at the 6.05

prabability level.

** Sigpificant at the 0.01 level of probability.

NS= Not significant

Ay = (98-118 days after sowing)
As = (119- 138 days after sowing)

It is clear that RGR decreased steadily with time. This might be as a

result of leaves senescence and decline of leaf area that could be explamed by
the reduction of leaf weight in total plant weight. This interpretation is in
agreement with those stated by Spitters and Kramer (1986). It could
concluded that LAI and CGR could be recommended as a selection criteria
for grain yield breeding programmes.

Crop growth rate (CGR)

As presented in Table (5) water stress significantly reduced CGR
g/m’ /day (except when water stress was imposed at grain filling stage at
growth interval A; in both seasons) as coimpared to the non-stressed wheat
plants. The highest negative response of CGR as affected by missing
irrigation was clearly obtained at severe water stress treatment followed by
stress at vegetative stage at the two growth intervals in both seasons. This
might be attributed to lower LAI which lowered light interception that,
ohviously decreased the total dry matter of wheat plants under water stress
condition Rahman et @/ (2000) and Pandey et al (2001)
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Table 5. Mcans of crop growth rate (CGR) g/m”day and net assimilation rate (NAR)
(g/m*/day) of two wheat cultivars grown under diffcrent moisture regimes sad
nitrogen levels in 99/2000 and 2000/2001 growing seasons.

| Traits CGR NAR }
99/2000 2000/2001 99/2000 2000/2001
Treatments I : SN
Ay Ay Al A2 Al A2 Al A2 |
Moist: i A
Moisture regimes ( 4) 15062 | 11182 | 13902 | 10742 | 3.02a | 2698 | 311a | 282a
Non-gtress
Stress at vegetative stage | 1044¢ | 81U b | 963 ¢ 1 704d | 2290 | 216b | 235 ¢ | 220¢
Stress at flowering stage 1254b | 9.00b | 11.73b | S3dc | 299a | 245D | 2.75kc | 237h
Stress &t grain filing stage 1531a | 9.24h | 13.50a | 9.20h 325a | 2.32ab | 294bc | 2470
Severe stress 6.784d 407 ¢ 7.20d 37e 1.64¢c 1.28¢ 1964 i324d
Nitrogen fertilizer (B)
| 0.0 kg Nha 7.81d 4.68d 7314 | 432d 283a | 2.14ab | 243 b 186¢
83 ke N/ha 10.57¢c | 738¢ 9.18¢ 689 ¢ 238L | 2.05b 221¢ 207 b
166 kg/ N ha 13.57h | 9570 [ 1297b | 9.00b 2.52h | 216ab | 2914 242a
250 kg/ N ha 16.14a | 11.65a ; 1531a | 1092a 1812 237a 3.08a 2.59a
Cultivars {C)
Sahel 1 11.88a | 8.16a | 10863 | 7.60b 2.64a 2202 2.68a 23%5a
Sakha 69 1217a | 8.47a 11.52a | 7.98a 2.63a 216a 263 a 122a
Futeractions
AXB N.§ * NS ol N.8 L) ol kel
AXC NB NS NS N8 NS N.§ NS NS
BXC NS NS " » N.8 N.§ NS N.§
AXBXC NS NS NS N.S NS NS NS NS
Means within a column followed by the same letter for each treatment do not differ at the 0.05
probability level.
** Significant at the 0.01 level of probability.
NS= Not significant

A1 = (98-118 days after sowing)
Az = (119- 138 days after sowing)

Significant difference was observed among the cultivars, Sakha 69
had higher CGR than Sahel | in the second season. This difference did not
appear in the first season. It might be due to gene-environment interaction,

It is clear that, CGR began to decrease as the wheat plants mature.
This might be due to cessation of vegetative growth loss of leaves and
senescence and this was true and clear when the water stress was severe.
Similar results were found by Karimi and Siddique (1991) and Sabry ef o/
(1999).



Net assunilation rate (NAR)

Results in Table (5) illustrate that NAR g/m’ /day when measured at
both growth intervals A; and A; in both seasons decreased significantly by
. exposing wheat plants to severe water stress treatment and to water stress at. .
vegetative stage. Such decrease in NAR might be due to the great need for
water during the vegetative stage of plant growth. NAR values were steadily
increased with increasing N rate from 83 up to 250 kg N/ha when measured
at both growth intervals in both seasons. Similar results were recorded by
Rao and Bharduaj (1981). The interaction between moisture regimes and N
fertilizer levels was significant on NAR in the second season.

Chlorophyll determination

Total chlorophyll and chlorophyll “a” and “b” (mg/g/ fresh weight)
decreased significantly when plants were subjected to water stress (Table 6).
The reduction in total chlorophyll was 56.89, 37.10, 21.62 and 7.46% in
99/2000 season, while in 2000/2001 season was 57.70, 36.43, 20.13 and
10.04% when water stress was imposed at severe stress, at flowering,
vegetative, and grain filling stages, respectively. The Jower concentration of
chlorophyll under water stress conditions might be attributed to low rate of
synthesizing phytocrome under such conditions (Abd El-Gawac er al 1995).

Increasing nitrogen rates up to 250 kg N/ha resulted in remarkable
significant increase in chiorophyll “a”, “b” and total chlorophyll. Fertilizing
wheat with 250 kg N/ha attained the highest value of these traits in both
seasons. Such effect of N fertilization on chlorophyll could be attributed to
high nitrogen doses enhancing formation of chlorophyll at more rapid rate
than the other constituents of the celis. Pandey et a/ (2001) came to the same
conclusion. Non-stressed plants with application of 250 kg N/ha produced
the highest value of these traits.

Grawth analysis parameters and grain yield correlation

Table (7) indicated that grain yield (t/ha) was strongly positively
associated (0.96 & 0.93) with LAl in 99/2000 and 2000/2001 seasons,
respectively, posttively moderately associated with RGR 1n both seasons;
strongly positively correlated with CGR in both seasons too and moderately
and weekly positively correlated with NAR in 99/2000 and 2600/2001
seasons, respectively.
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Table 6. Means of chloropbyll “a”, chlorophyl “h™ and total chlorophyll fmo/offresh)
weight of two wheat cultivars grown under different moisture regimes and
nitrogen levels in 9972000 and 2000/2001 growing

s¢asons.

Traits

Chlorophyll “a”

. Seasons
Treatments

9K 260

- 2000/2001 - 9920008

Chleroqhyll “h7 | Tutalchloroph_v!.;i
i | -

| 200072001 1 992000 4 200072081 !

I

|

Moisture regimes { A)

Non-stress 1486 a ) 1425 a | 742 2 | 686 a | 22249 | 21.11a |
Stress at vegetative stage 11,66 ¢ 1 1121 ¢ | 610 b | §78 b | 1743¢ | 1686¢
Stress at flowering stage 044 d | 911 d | 456 c | 432 ¢ | 13.99d | 13424
Stress at grain filling stage | 1423 b | 1307 b | 643 b | 587 b | 20.58b | 18.99b
Severe stress 648 ¢ | 6.07T ¢ | 333 d | 288 d | 959 &1 893¢
Nitrogen fertilizer (B)

0.0 kg N/ha 491 d [ 449d | 2.60d | 238 d | 7.51 d | 678 d
83 ke N/ha 9.20 ¢ 8.30 ¢ 4.09 ¢ 391 ¢ 13.17 ¢ 1235 ¢
166 kg/ N ha 1254 b | 1209 b | 640 b | 592 b | 1594Db | 18.00D
250 kg/ N ha 18.68 a | 18.09 8 | 9.02 a | 836 a | 27.44a | 26442 |
Cuitivars (C)

Sahel 1 1,15 b | 1042 b 533 )b 492 b 16.46b | 15.35b
Sakha 69 11,52 a ;| 1106 a | 572 a 5.6 a 17.07a | 1637 a
Interactions

AXB N.§ N.S NS N.S N.S NS |
AXC N.S N.S N.S N.S N.§ NS
BXC N.§ N.S NS N.S NS | NS
AXBXC I NS N.S N.S N.S NS | NS |

Means within a column followed by the same letter for each treatment do not differ at the 0.05

probability Jevel.

** Sjgnificant at the 0.01 level of probability.

NS= Not significant

Table 7. Simple correlation coefficients between grain yield, LAI, RGR (g /g weck),
CGR and NAR (g /m’ /day) of wheat grown under different moisture regimes
and nitrogen levels in 99/2000 and 2000-2001 growing seasons .

99/2000 2600/2601
Character
2 3 4 5 2 3 q 5

1-grain yield tha | 0.96** | 0.50** | 0.81*= | 0.26* | 0.93** | 0.47** | 0.80°* | 0.48~*

2- LA 0.48** | 0.78** | 0.17* 046~ | 0.64** | D65+

3-RGR g/g/week 0.75%* | 0.66" 0.58"* | .55 |
| 4-CGR g/mY/day 0.727= 0.66"~ 1
ILNAR g/m¥day | | Ti |

*, **; Significant at the 0,05 and 0.01levels, respectively.



LAIL values were highly significantly and positively correlated with
RGR and CGR in both seasons, whereas, NAR was significantly and highly
significantly correlated with LAT in 99/2000 and 2000/2001 growing
seasons LAl was moderately associated with RGR (0.48 & 0.46) highly and
moderately correlated with CGR (078 & 0.64) in 99/2000 and 2000/2001
seasons; and weekly and moderately positively correlated with NAR in
69/2000 and 2000/2001 seasons.

Yield and yield components
Number of spikes/m’

The presented data in (Table 8) indicated that number of spikes/m®
was reduced significantly as a result of moisture regime treatments imposed
at severe water stress and at vegetative stage in both seasons. Whereas,
skipping irrigation at flowering stage showed significant reduction in number
of spikes/m® only in 99/2000 season compared with non-stressed plants.
Such response may be attributes to lack of water absorbed and reduction in
photosynthetic efficiency under insufficient water condition. Moreover, the
reduction in assimilates translocated to new developing tillers might owe
much to the death of the new tillers and depressing the number of spike
primordial. Eck (1988) and Kandil ef a/ (2001) came to the same conclusion.

With respect to the nitrogen fertilizer effect, generaily results
indicated that increasing N level up to 250 kg N/ha led to significant
remarkable increase in number of spikes/m” in both seasons.

The difference among cultivars in number of spikes/m® was
significant only in first season. Sakha 69 had more spikes/m” than Sahel 1.

Number of kernels / spike

Number of kernels / spike was decreased significantly by inducing
water stress at the different growth stages (Table 8), except when water
stress occurred at grain filling stage where the reduction was insigmficant in
both seasons. This reduction in number of kernels / spike might be attributed
to the reduction in photosynthetic efficiency and the lack of photosynthates
translocated to the developing secds. Abd El-Moniem (1999) and Mahgoub
and Sayed (2001) came to the same conclusion,
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Tahle 8. Means of number of spikes/m’ and kernele/spike, 1000-kernel weisht and
grain yield/ha of two wheat cultivars grown under diffcrent moisture

regimes and nitrogen levels in 99/2000 and 2009/2001 growing scasons.

Trai No. .of spikes /m* No. .of kernels 1000-kernel Grain yield t/ha
raits {spike weight (g} ]
Seasons | yggq 2000/ | 1999 | 2000/ | 1999/ | 2000/ | 199% | 200%
2000 2001 2000 2001 2000 2001 2000 2001
Treatments
Muisture regimes ( A)
Non-stress 462.50a | 422462 ] 5217a | S148a | 4718 | 4623a 4,952 478
Stress st vegetative stage 41537b | 38821b | 43885 | 40.96c | 42.654 | 4300c | 4054 3814
C
Stress at flowering stage 419.09b | 397.63a | 43.25b | 4228b | 4428cc | ddGbc | 421c 107¢
b
Stress at grain filling stage | Le0 100 | g2438a | 51598 | 5090a | aszsp | 44320 | 487 | assb
Severe stress 376.75c | 36471c | 3747c¢ ! 368Td | 39.27e | 3835d 3.3% 3.15e
Nitrogen fertilizer (B)
0.0 ke N/ha 330104 | 34397c | 40.18d | 39.44d | 39954 | 30.05d | 2.18d 2.08d
83 kg N/ha 424.86¢ 415;.87 45.11¢ | 44.12c | 4338¢ | 42.37c | 4.08c 4.11c
166 kg/ N ba 459.53b 4«;.03 4752h | 46.36b | 44,75b | 44.48b | 5.09b | 4.85b
250 kg/ N ba 481.17a | 46337 | 49884 | 48.08: | 47.00a | 46552 | 5578 | 522a
a
Cultivars (C)
Sahel 1 41885h | 41313 | 4553a | 44210 | 4351a | 43328 | 4.17b | 3.9sb
X
Sakha 69 431452 | 42380 | 4582a | 44.79a | 43.93z | 42902 | 4.29a 4.18a
a
Interactions
AXB N.S NS xa Ak = N.S ~n “n
AXC NS N.S N8 N.S N.S N.S . NS
BXC N.§ NS NS NS NS NS NS N.§
AXBXC NS N.§ NS NS NS NS N§ N.S

Means within a column followed by the same letter for each treatment de not differ at the 0.05

probability level.

*=» Significant at the 0.01 level of probability.

NS= Not significant

Increasing N rates up to 250 kg N / ha resulted in remarkable
significant increase in number of kernels / spike. The increase percentages
reached 12.3, 183, and 24.1 % in 99/2000and 119, 17.5and 21 9% in
2000/2001 season as a result of increasing N levels from zero to 83, 166 and
250 kg N /ha, respectively. The obtained results could be attributed to the
role of N in spike fertility and grain development. Bruckner and Morey
(1988) and Iskandar (2000) reported similar results. Significant interaction
was recorded among moisture regimes and nitrogen rates on number of
kernels / spike in both seasons. Non-stressed plants fertilized with 250 kg N/
ha gave the greatest value of this trait.
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1000-kernel weight

Exposing wheat plants to drought at the different growth stages
caused a significant reduction in this trait. The highest reduction was
recorded when plants exposed to severe stress followed by. vegetative,
flowering and grain filling stages, respectively, in both seasons (Table 8).
This reduction owe much to water deficits, which reduce available
assimilates for grain filling. These results confirm those reported by
Okuyama (1990) and Osman er al (1996).

Raising N level from zero up to 250 kg N /ha led to significant
increase in 1000-kernel weight, which showed it’s significant values when
wheat plants were fertilized with 250 kg N/ha, followed by 166, 83 kg N/ha
in both seasons. This finding is logically expected as N element encourages
vegetative growth and increases plant capacity in building metabolites. Abdul
Galil et al (1997) found similar results.

Grain yield

Grain yield (t/ha) was decreased sigmficantly due to exposing wheat
plants to water stress at the different growth stages (Table 8) in both
seasons. This reduction in grain yield was 32, 18, 15 and 8 % in the first
season and 34, 20, 15, and 5 % in the second season when plants were
subjected to water stress at severe case, vegetative, flowering and grain
filling stages, respectively. The reduction in number of spikes / m®, number of
grains / spike and the lower seed index and decreasing the duration and rate
of grain filling under high soil moisture stress may have resulted in the
reduced grain yield per ha. These results are similar to those reported by
McMaster ef al (1994) and Kandil e a/ (2001).

Increasing N rates from zero up to 250 kg N /ha led to remarkable
significant increase in grain yield (t / ha) in both scasons (Table 8). The yield
increases due to increase in N rates from zero through 83, 166 and 250 kg /
ha was reached 87.2, 133.5 and 155.5 % in the first season and 97.6, 133.2
and 151.0 % in the second season, respectively. These results areinan
agreement with those stated by Nasr-Alla (2000) and El-Ganbeehy (2001).
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