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ABSTRACT

INTRODUCTION

Adding nitrogen fertilizers is impor-
tant for increasing the productivity of wheat
plant, the excess of its doses may cause envi-
ronmental hazards. Hence, the balance bet-
ween the possible maximum productivity (by
supplying N) and minimizing pollution of
environment (from excessive N application) is
a goal to be reached. SPAD or chlorophyll
meter is a dynamic, simple and diagnostic tool
that measures greenness or relative chloro-
phyll content of leaves (Kariya ef al., 1982).
SPAD readings positively related to chloro-
phyll levels in plant tissue which highly corre-
lated with leaf N content in wheat (Singh et
al., 2002 and Balasubramanian et al., 2003).
Morecover, leaf area-based N concentration has
a unique linear relationship with SPAD values
of wheat at all growth stages (Uddling ef al.,
2007). Such relation indicates the suitability of

SPAD meter to assess crop N status and
determine the plant need for additional N
fertilizer (Peng et al, 1996 and
Balasubramanian et al., 1999). In this concern,
Singh et al. (2002) showed that plant need-
based N management through chlorophyll
meter reduced N requirement from 12.5-25 %,
relative to typical practices of growers, with
no loss in yield. On the other hand, varietal
differences can greatly affect the SPAD meter
reading as some¢ wheat cultivars are greener
than other.

Therefore, the objective of the present
investigation was to recognize the validity of
using SPAD meter to assess crop N status and
determine adequate N need for some wheat
cultivars.
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MATERIALS AND METHODS

Two field experiments were conduc-
ted at the Agric. Res. Station, Agric. Res,
Centre, Giza Governorate, Egypt during 2006/
2007 and 2007 /2008 seasons. Each experi-
ment included 15 treatments, which were the
combinations of three bread wheat cultivars
namely Sakha-94, Giza-168 and Gemmiza-9
(obtained from Wheat Dept., Agric. Res.
Centre at Giza) as well as five N fertilization
treatments, i.e. 0, 40, 80 and 120 kg N/fed., in
addition to conditional N treatment. The latter
trcatment was applied by calculating nitrogen
sufficiency index (NSI) as suggested by
Murdock et al. (2004) based on chlorophyll
status of the uppermost fully expanded leaf in
relation to that of sufficient N rate treatment
(120 kg N/fed) using chlorophyll meter
(SPAD -502, Minolta) where:

NSI = SPAD value of conditional N
treatment /SPAD value of sufficient
N rate treatment x 100

Ten chlorophyll readings were mea-
sured periodically just before irrigation from
the middle of the uppermost fully expanded
leaf of ten guarded plants from each plot in

four replicates, i.e. 40 readings were collected
from each treatment, then the average was
computed. When NSI was less than 95 %, it
indicates N deficiency and additional N
should be added using the following equation:

N=6+(7x D)
Where:
N = (Pound N/acre) needed for optimum
growth (transferred into kg/fed.),

D= Difference between average chlorophyll
readings from the field (conditional N
treatment) and that from the reference
area received high N rate (sufficient N
rate).

Conditional N treatment was applied
by adding initial rate of 20 % of the reco-
mmended N rate (80 kg N/fed.) at planting,
Then optimum N requircments were added
based on NSI, at elongation and early flowe-
ring stages, this accompanied the fixed timing
practice (35 and 65 days after sowing, respec-
tively). N amount of the conditional N treat-
ment according to the difference between it
and that of sufficient N rate was presented in
Table (1).

Table (1): N amount of the conditional N treatment according to the difference between it

and that of sufficient N rate,

) N initial Elongation stage Flowering stage
Cultivar dose D N (ke/fed D N (ke/fed applied
(kg/fed.) (kg/fed.) e/led) | (egfted) |
Sakha-94 16 1.45 176 240 24.8 584
Giza-168 16 2.10 22.7 220 23.2 61.9
Gemmiza-9 16 1.60 18.9 2.30 24.3
Mean

D ~ Difference between avorage chlorophyil readings

from (conditional N and that of

from the reference area received high N rate (sufficient N rate).

The physical and chemical charac-
teristics of soil before planting was determined
according to Jackson (1973) and revealed that
the soil was clay containing 62.2 ppm total N
with pH 7.6,

Nitrogen fertilizer was applied as urea
(46.5 % N) into three portions equivalent to
20, 40 and 40 % of total N amount of each N
rate treatment (except 0 and conditional N
treatments) at planting, elongation and flowe-
ring stages, respectively.

The experimental design was strip
plot design in four replicates, where wheat
cultivars were arranged in vertical strips and N
fertilization rates were allocated in the hori-
zontal ones. The experimental unit arca was
10.5 m consisting of 15 rows each of 3.5 m in
length and 20 cm apart. Planting date was 25®
November in the two growing seasons. All the
recommended agricultural practices were
applied except the studied factors.
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Data recorded:
Yield and its attributes:

At harvest, a sample of plants from
0.1 m” was randomly chosen from each plot of
three replicates to measure spikes No./m’,
spike length, spikes weight./m’, spikelets No./
spike and grains No./spike. Biological and
grain yields/fed. were calculated from whole
plants of each plot.

Grain quality:

Weight of 1000 grains was estimated
and samples of 100 g of grains or straw from
three replicates of each treatment were
grinned into fine powder and dried at 70°C.
Then, grain and straw N % were determined
nsing micro-Kjeldahl apparatus according to
AOAC (1995). Moreover, grain crude protein
content was calculated by multiplying grain N
% by 5.7. Also, wet and dry gluten as percen-
tages of dry grains and hydration value as
percentage of dry gluten were estimated
(Pleshkof, 1976).

Nitrogen physiological parameters:

Grain and straw N uptake kg/fed.
were computed by multiplying grain and
straw N % with grain and straw yields/fed.,
respectively, then total N uptake (grain +
straw N uptake) was calculated. Moreover,
nitrogen physiological parameters including
agronomic efficiency (AE), apparent recovery
fraction (RF), N utilization efficiency (NUE)
and N harvest index (NHI) were calculated
according to Delogu er al. (1998) using the

following equations:

I- AE = GY at N treatment — GY at zero N
/Applied N at N treatment (kg/fed.)

2- RF = TNU at N treatment ~TNU at zero N
/Applied N at N treatment (kg/fed.) x 100

3- NUE = GY at N treatment /TNU at N
treatment

4- NHI = GN at N treatment /TNU at N
treatment x 100

Where:

TNU = Total nitrogen uptake (kg/fed.),

GY = Grain yield (kg/fed.).

GN = Grain nitrogen uptake (kg/fed.).

Grain yield response index:

Grain yield response index (GYRI)
was determined for each cultivar, according to
Fageria and Barbosa Filho (1981) using the
following equation:

GYRI = Grain yield under high N level -
Grain yield under low N level/High
N level - Low N level

Where:

Low N level=0 kg/fed.,

High N level=80 kg/fed.

Statistical analysis:

The obtained data from each season
were exposed to the proper statistical analysis
of variance according to Gomez and Gomez
(1984). The combined analysis of variance for
the data of the two seasons was performed
after testing the error homogeneity and LSD at
0.05 level of significance was used for the
comparison between means.

RESULTS AND DISCUSSION

Yield and its attributes:
a- Cultivars: :

Data in Table (2) reveal that all yield
and its attributes of wheat substantially diffe-
red among the three studied cultivars, except
spike length trait. Herein, Gemmiza-9 was the
potent for achieving the highest increases in
spike number and weight/m’, number of
spikelets and grains/spike as well as biological
and grain yields/fed., but statistically levcled
with Sakha-94 in spike number/m® and with
Giza-168 in number of spikelets and grains/
spike. The discrepancy in yield and its attribu-
tes among wheat cultivars might be due to the

genetic make-up reflecting on grain filling rate
and translocation of biochemical assimilates
from source to sink. Confirming resuits in this
respect were cited by EI-Habbal ez al. (2000)
and Hassan & GabAllah (2000)

b- N rates:

Available results in Table (2) show
that wheat yield and its attributes (i.e., spike
number/m?, spike length, spike weight/m®
number of spikelets and grains/spike as well
as biological and grain yields/fed) signifi-
cantly responded to N rates. As expected, such
traits enhanced as N rates were increased from
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0 up to 120 kg/fed. In this respect, adding 120
kg/fed. recorded the maximum values of the
mentioned traits exceeding the other treat-
ments. N recommended rate came in the
second order statistically equalizing with
conditional N treatment for grain yield. The
increments in yield and its attributes of wheat
with increasing N rates might be attributed to
the effective role of N as an essential cons-
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tituent of chlorophyll on dry matter accumu-
lation. N fertilizer influences the production of
carbohydrates by affecting the mean leaf area
available to intercept solar radiation and
absorb CO,, promoting the efficiency of
photosynthesis process. The improvements in
wheat yield and its components under increa-
sing N rates were obtained by David et al.
(1999) and Sobh et al. (2000).

Table (2): Wheat yield and its attributes as affected by cultivars and N rates and their

interaction
T Spikes Spike Spikes Spikelets Grain Yield (ton/fed.)
reatment | N /m? | length weight | N, /spike | No./spike Biological | Grain
(cm) | (g/m")
Cultivar
Sakha-94 5248 11.2 1.29 20.8 54.8 8.88 2.87
Giza-168 518.6 11.7 1.27 21.1 58.6 8.75 2.90
Gemmiza-9 | 5293 117 1.30 21.6 58.7 8.97 3.02
LSD (0.05) 6.1 ns 0.01 0.6 23 0.08 0.04
N rate (kg/fed.)
0 438.2 10.4 1.01 19.6 51.0 6.56 241
40 483.7 11.1 1.14 20,2 54.0 7.92 2.68
59.8* 549.1 115 127 21.2 58.0 9.36 3.09
80 564.4 12.0 142 21.9 59.8 9.77 3.13
120 585.9 12.5 1.58 23.0 64.1 10.74 335
LSD (0.05) 11.7 0.2 0.01 0.5 1.3 0.10 0.05
Cultivar x N rate (kg/fed.)
Sakha-94
0 442.2 10.1 1.03 19.2 48.0 6.39 233
40 478.7 10.9 1.14 19.9 51.1 8.02 2.63
58.4* 546.2 11.1 1.26 20.7 55.1 942 3.02
80 562.5 11.6 1.40 215 572 9.69 3.07
120 594.6 11.9 1.59 22.6 62.5 10.88 3.30
Giza-168
0 425.6 10.4 0.98 19.6 51.8 6.49 2.40
40 475.6 113 1.11 20.0 54.8 7.69 2.70
61.9* 553.3 11.7 1.27 21.1 59.9 9.30 3.04
80 563.1 122 1.42 217 61.5 9.71 3.08
120 5756 | 129 1.55 22.9 65.0 10.58 3.32
Gemmiza-9
i 0 4468 10.6 1.03 19.9 53.1 6.79 2.50
40 496.8 11.1 1.16 20.5 55.9 8.04 271
59.2* 54738 11.7 1.28 216 59.1 9.35 3.22
80 567.7 12.2 1.42 223 60.6 991 325
120 5875 12.6 1.58 23.4 64.7 10.77 3.44
LSD (0.05) 14.9 0.3 0.02 04 1.8 0.19 0.06

* Conditional N treatment

¢- Cultivars x N rates:
Distinctive effect of the interaction
between wheat cultivars and N rates on yield

and its attributes was obtained (Table, 2). In
this respect, the studied cultivars were not
behaving the same performance under various
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N rates for yield and its attributes. Under the
application of 120 kg/fed., number and weight
of spike/m’ and biological vield with Sakha-
94; spike length and grains number/spike with
Giza-168 as well as spikelets No. and grain
yield with Gemmiza-9 recorded the maximum
values. Adding 80 kg N/fed came in the des-
cending order in this respect with the same
previous arrangement of cultivars and mar-
kedly leveled with those of conditional N
treatment for grain yield. Although adding
120 kg N/fed. surpassed conditional N treat-
ment in grain yield by 6.8, 9.2 and 9.3 %, but
the reductions in N applied in the lattar
treatment were 50.7, 48.4 and 51.3 % with
Gemmiza-9, Giza-168 and Sakha-94, respec-
tively. This result is promising regarding
lowering both costs and environmental
hazards.

Grain quality:
a- Cultivars:

Grain quality traits, i.e. weight of 1000
grains, wet gluten %, dry gluten % and hydra-
tion value markedly varied among wheat
cultivars, while protein % and yield were not
affected (Table, 3). In this concern, Gemmiza-
9 possessed the maximum increases sur-
passing Sakha-94 and Giza-168 by 2.4 and 3.4
% in weight of 1000 grains; 14.7 and 6.8 % in
wet gluten % as well as 11.2 and 6.4 % in dry
gluten %, respectively. The differences in
such grain quality traits are essential factors
that led to improve the rheological properties
of obtained dough and subsequently bread
quality. This observation is corroborated with
the results of Teama ef al (1993) and El-Nagar
(2003). Moreover, the difference between
Gemmiza-9 and Giza-168 did not reach the 5
% level of significance for hydration value.

b- N rates:

Remarkable effect of N rates on grain
quality of wheat was obtained (Table, 3).
Application of 120 kg N/fed. was the efficient
practice for promoting weight of 1000 grains,
protein % and yield, wet gluten % and dry
gluten %. Contrarily, the maximal hydration
value was produced from unfertilized plots.
Moreover, the conditional N treatment, 80 and
120 kg N/fed. (for protein %) as well as
conditional N treatment and 80 kg N/fed. (for

protein yield, wet gluten % and dry gluten %)
were substantially equaled. Higher nutritional
value of wheat grains due to increasing N rate
could be ascribed to increase amino acids
content, increasing protein % and yield as well
as wet and dry gluten %. This observation
agrees with that found by Kumar (1985) and
Sharma (1987).

¢- Cultivars x N rates:

All grain quality properties were
significantly influenced by the interaction
between wheat cultivars and N rates (Table,
3). Gemmiza-9 x 120 kg N/fed. possessed the
highest values of weight of 1000 grains and
wet and dry gluten %. While, Gizal68 x 120
kg N/fed. was the best combination for
enhancing protein % and yield. Contrariwise,
in the unfertilized plots, Giza-168 gave the
maximum hydration value.

With each cultivar, the treatment of
80 kg N/fed. remained in the second order in
this respect and also statistically at par with
conditional N treatment for all grain quality
traits, except wet gluten % of Giza-168 grains.

N physiological parameters:

For exploring the effective treatments
in N uptake, translocation and utilization of
wheat plant, grain, straw and total N uptake
were estimated (Table, 3), then AE, RF, NUE
and NHI were computed as shown in Figures
(1,2 and 3).

There is no significant difference
among wheat cultivars in grain, straw and
total N uptake amount. Also, such difference
was slight for AE, RF, NUE and NHI (Fig, 1).

Grain, straw and total N uptake were
significantly affected by N rate (Table, 3). It
was found that total amount of N uptake and
its fractions in grains and straw were increased
as N rates increased. With the exception of
sufficient N rate of 120 kg/fed, both of 80 kg
N/fed. and conditional N treatments were the
effective for recording the highest total
amount of N and its fraction in grains and
straw without significant difference between
them in this respect.
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Table (3): Wheat grain quality and N uptake as affected by cultivars and N rates and their

interaction
Weight of | Grain protein luten % N uptake (kg/fed.
Treatment 10%)110- pYield Chute H);ldr“zt‘i)}m . : ( )
grain(@ | % (kg/fed.) Wet | Dry | YU | Grain | Straw [ Total
Cultivar
Sakha-94 415 13.45| 390.1 326 | 13.6 139.0 68.4 19.5 87.7
Giza-168 41.1 1385 4072 | 350 | 140 151.1 71.4 195 90.4
Gemmiza-9 42.5 13.80 | 420.5 374 | 149 1504 73.8 186 | 924
LSD (0.05) 0.5 n.s ns 05 | 04 7.7 n.s ns ns
N rate (kg/fed.)
0 38.0 1195, 2883 287 | 113 153.3 50.6 83 58.9
40 399 1290 | 3458 313 | 125 149.1 60.7 13.1 73.8
59.8* 420 |1426| 4413 | 363 | 147 146.9 774 | 220 | 994
80 43.6 14.06 | 440.7 37.1 | 150 145.8 773 23.1 | 1004
120 449 1531 5136 | 415 | 173 139.2 90.1 295 | 1196
LSD(0.05)| 05 142 ] 407 14 | 07 8.3 73 6.8 12.8
Cultivar x N rate (kg/fed.)
Sakha-94
0 379 | 1140] 2656 | 264 | 10.6 149.0 46.6 8.1 54.7
40 39.7 12.80| 3366 | 288 | 124 132:3 59.1 13.5 72.6
58.4* 42.0 1455 4394 | 350 | 146 139.6 77.1 225 99.6
80 434 [13.70| 4206 | 336 [ 142 136.6 73.8 | 23.1'| 969
120 44.6 1480 | 4884 390 | 164 137.9 85.7 303 | 116.0
Giza-168
0 370 1195| 2868 | 286 | 108 | 1650 50.3 8.3 58.6
40 39.2 1280 | 3456 | 296 | 11.8 150.9 60.6 15.1 75.7
61.9* 41.5 1395 | 4240 362 | 144 151.7 744 220 | 964
80 430 |1455| 4481 | 388 | 156 148.8 786 | 232 | 101.8
120 44 4 16.00| 5312 | 416 | 174 139.0 932 290 | 1222
Gemmiza-9
0 39.0 [12.50| 3125 | 310 | 126 146.0 54.8 8.6 63.4
40 408 |13.10| 355.0 | 354 | 134 164.2 623 | 107 | 73.0
5§9.2* 425 1430 | 460.5 378 | 15.0 1493 80.8 216 | 1024
80 442 | 13.95| 4534 | 388 | 154 1519 | 795 | 231 | 1026
120 458 1515 5212 | 438 | 182 140.7 914 293 | 1207
LSD (0.05 0.9 1.59 | 457 1.6 1.3 20.2 8.1 8.8 14.6
* Conditional N treatment

Moreover, conditional N treatment
achieved the highest values of AE and RF
(Fig, 2). This refers to that applying one N
unit through such treatment showed increases
in grain yield and total N uptake by 112
kg/fed. and 66.9 % of AE and RF, respec-
tively. On the contrary, NUE and NHI were
decreased as N rates increased, where such
two parameters recorded the maximal values
with the unfertilized treatment and the mini-
mal ones at the rate of 120 kg/fed.

There is a considerable effect of the
interaction between wheat cultivars and N
rates on grain, straw and total N uptake
(Table, 3). However, the aforementioned traits
were enhanced as N rates increased for each
cultivar. Application of N fertilizer at a rate of
80 kg/fed. (as a recommended practice) or
using conditional N treatment (depending on
chlorophyll meter) were statistically leveled in
their effects on grain, straw and total N
uptake. This was true with the three studied
cultivars.
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The interaction of Gemmiza-9 x  values of NUE and NHI were observed in the
conditional N treatment recorded the highest unfertilized plots with Sakha-94 and with
values of AE and RF, while the maximum Gemmiza-9, respectively (Fig, 3).
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Fig (1): Differences among wheat cultivars in agronomic efficiency (AE), apparent recovery
fraction (RF), N utilization efficiency (NUE) and N harvest index (NHI).
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Fig (2): Effect of N rates on agronomic efficiency (AE), apparent recovery fraction (RF), N
utilization efficiency (NUE) and N harvest index (NHI) in wheat.
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Fig (3): Effect of the interaction between wheat cultivars and N rates on agronomic efficiency
(AE), apparent recovery fraction (RF), N utilization efficiency (NUE) and N harvest
index (NHD).
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Ceratn yield response mdes (GYRIE

Gram vield response mdex (GYRD
sas calealated at O and 80 N Lg/ffed as lown
and high N odevels, sespectively, GYRE s an
medwation w the efficient of whoat culivars
baoprodacing hieher pran ywcld ot low
aitrapen nte and thoy esponse (o merease N
tertdizer ates Aceordingly o is possible o
classibv wheat culuvars imto four wioups. (1)
cfficaent and vesponsnve (HR). that produce

hegh geam yicld at low as well as high rates of

N tertdizer () efficient and not wesponsi e
(NR). that produce high gram yicld at fow N
vite with lower yesponse to increase Nforts
Grer than ERL (1) not etlicient but responsive
(NERY, Gt bad tow grnn vicld with response
toerense Notertlizer as vl s Giv) neither
siticient nor responstve (NENRS that bad fow
e viold wath fow response 1o mercasy N
tertddizer

Apropos, Gomnwoan-Y belongs 1o

FRO proup bamg oweouded the averages of

pram vield at oo sate and GYRE (Fig, B
While, Sakba-94 15 NER bomg gave lower
crnn vichd ar zorn Nt and higher GYRI
NENR,

o the mverages. Giza- 163 was
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where both grun vield @ sore N and
OY R were Tower than the averaees

Accorduw, 1o GYRD paramcter,
resultty mdicated  clearly cousderable difte-
rencss among wheat caltivars dor absorbing
and atiizimg, N from deficient sods. Gemmiza-
Y tollowed by Sakha-94 exhubisted fess reduc-
tion v ield under fow N fertidicer level mdi-
cating the significance of focusmg on these
o caltrvars s an cibicient gene pool to
meorporate the adaptation for low N availa-
bebtty (i the soih) and wath high efficiency in
the utilization of N fertilizer applhicd. 1t should
be concluded that N level in the soil could be
mampulated together wih the gonctie diver-
iy of the crop as a breedmg ool tor wheat
cultivars development through improving N
uptake and/or vahzation cfficiency. These fin-
dings ane m good agreenient with those obtar-
ned by Abd EIGham and Awad {1994)

Eventuativ, 1 could be mterpreted
that SPAD meter can quickly and rehably
asness N ostatus based on leat chlorophyll con-
feot and determunmg N requirements i wheat,
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¥ig. (4 Grain vield response index (GYRI) of wheat cultivars (Sakha-94, Giza-168 ana

Cemnuza-9).

R, efficient and responsive; NER, not efficient bhut vesponsive; NENR, neither cfficient

NOE responsive.
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