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Technological and Rheological Characters of
Wheat (Triticum aestivum L.)
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HIS INVESTIGATION was carried out at the Lxperimental

Farm. Faculty of Agriculture, Minutiya University. Shebin El-
Kom. Egypt during 2004/2005 and 2005/2006 seasons to study the
effect of nitrogen { N ) fertilization (0. 25 , 50 , 73 and 100 kg N/fed)
on yield and its compongpis, milling, technological and rheological
characters of wheat crop (Triticum aestivum L.). The data revealed
that plant height, number of tillers ., spikes/ m®, spike length, number
of spikelets, number of grains and yield/spike. 100C-grain weight and
grain, straw and biological yiclds/fed as well as harvest index were
significantly affected by N fertihzation . Increasing nitrogen
fertilization from zero up to 100 ke N/fed significantly increased also
tlour and fine bran, but decreased coarse bran. Protein . wet and dry
eluten fractions were significantly increased with increasing nitrogen
applications up to 75 kg Nffed. The highest vaiues of total
carbohydrate content and the lowest value of ash content were
recorded when using 100 kg N/ted . On the other hand, the highest
values for farinograph characters (water absorption percentage. dough
stability time) were obtained by using 100 kg N / fed . but the highest
value of dough weakness was recorded by unfertilized plants.

Keywords: Bread wheat . Nitrogen levels | Grain yield. Quality
rheological propertics .

Wheat (Triticum aestivum L.) is one of the important winter cereal crops in
Egypt. The local production of wheat is not sufficient to meet the excessive
demand resulted from the continuous increase of population. The present
investigation was carried out to determine the proper nitrogen level to obtain the
best characters for productivity, milling,. technological and rheological characters
of wheat crop. It has been reported regularly that yield and yield components of
wheat were increased by increasing nitrogen tertilization (El-Nagar, 2003; Al
et al, 2004; Allam, 2005 and Gafaar, 2007) . lbrahim et ol (1996) and Toaima
¢t al. (2000) showed that the coment of flour and grain protein, water
absorption fraction and dough stability time were increased by raising nitrogen
fertilization up to 80 kg N/ fed. Moreover, Ibrahim er al (1996) reported that
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fine bran percentage was significantly increased but coarse bran percentage was
significantly decreased by increasing nitrogen fertilization up to 80 kg N/fed.

Materials and Methods

The present investigation was conducted at the Experimental Farm, Faculty
of Agriculture, Minufiya University, Shebin El-Kom, Egypt, during 2004/05 and
2005/06 scasons. The experiment included five nitrogen fertilization levels, i.e.
0. 25, 50, 75 and 100 kg N/ fed (fed = 4200 m>). The treatments were arranged
in a randomized complete blocks design with four replications. Wheat grains
(Gemmeiza 9 cv.) were hand drilled in fifteen rows 20 c¢m apart at a rate of
60 kg/fed. Calcium super phosphate (15.5% P.0s) was applied during soil
preparation at the rate of 15.5 kg P,Os/fed. Sowing was done on 15" November
in both seasons. Nitrogen fertilization was applied in the form of Urea (46.5%)
in two equal doses before the first and second irrigations, ie 21 and 50 days
after sowing . The plants were irrigated six times and the irrigation was held
three weeks before harvesting. The preceding crop was maize in both seasons.
The soil texture of the experiment fieid was clay ioam. Some physical and
chemical properties of the soil were performed according to Jackson (1973) and
recorded in Table |.

TABLE 1. Mechanical and chemical properties of the experimental ficld soil during
2004 /2005 and 2005/ 2006 seasons .

A- Mechanical properties.

properties :
i ~ Fine sand Coarse Silt Clay Texture
% sand % %Yo %Yo class
Seasons
2004 /05 222 13.7 28.7 354 Clay loam
2005 /06 257 6.2 36.0 32.1 Clay loam

B- Chemical properties.

properties .
Available N | Available P | Available K
pH 0O.M %

Seasons ppm epm ppm !
2004 /05 7.8 2.0 230 7.6 414.4
2005706 7.9 1.8 30.0 6.5 351.2

_
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Characters studied

Yield and its components

Plant height, number of tillers and spikes/m’, spike length, number of
spikelets and grains/spike, 1000-grain weight, grain yield/spike, grain, straw and
biological yields/fed and harvest index .

Milling characters
Flour, fine bran and coarse bran percentages were determined according to
A A C.C.(1983).

Grain quality
1. Grain protein %: grain nitrogen percentage was determined using micro -
Kjeldahl method as described by Peter &Young (1980). The crude protein
percentage was obtained by multiplying the nitrogen content by 5.7
according to the method described by A.A.C.C. (1983).

2. Total carbohydrate %: Total carbohydrate percentage in the grains was
measured using the method described by Dubois ef al. (1956).

3. Ash %: it was determined according to A.A.C.C. (1983).

4. Wet gluten %: it was described by A.A.C.C. (1983)

3. Dry gluten %

Rheuvlogical properties of doughs

The rheological properties of the different doughs were carried out using
Brabender Farinograph apparatus according to the method described by
A.A.C.C. (1983). Farinogranh properties are percentage of water absorption,
dough development time (min) , dough stability time (min) and dough weakness
(pu).

Statistical analysis _

The data were statistically analyzed according to the method outlined by
Snedecor & Cochran (1967). Mean of values were compared at 5 % level of
probability using Duncan's multiple range test (Duncan, 1955). Means followed
by the same alphabetical letter (s) are not significantly different at the level of
probability {5%).

Results and Discussion
Yield and its components :

Data presented in Table 2 show that plant height was significantly increased
with increasing N level up to 75 kg N/fed. The differences in plant height among
plants receiving either 25 or 50 kg N/fed were not significant. This was true in
both growing seasons. These results mean that N application enhanced early
vegetative growth by increasing number of internodes and/ or internodes length,
probably resulted from the increase in the activity of meristematic tissue due to
the increase in the rate of cell division and elongation. In this respect. many
workers found that wheat plant height was increased by increasing N levels up to
75 or 100 kg N/fed (El- Habbasha. 2001 and Abdel-Hameed, 2005) .

Levpt J Adgron 31, No.l (2009)
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TABLE 2. Uffect of nitrogen fertilization on yield and yield components during 2004/ 2005 and 2005/ 20006 seasons .
T T T | T : - —
Characters l Plant | No.of | No.of | Spike | No.of | No.of | '000—) Grain | Grain ) Straw g\ o0
iy . . . .| grain | yield/ | yield/ | vield/ . Harvest
height | tillers/ | spikes/ | length | spikelets/ | grains/ . . yield/ .
[Clnl] m? m? {cm) spike spike weight 1 spike fed fed fed (to index

(kg N/ fed) ! [ I gl l (g) (ton) (ton) n)
r 2004/ 2005 season
L Zero 110170 ¢ [2g6.00 o] 200.00e (855 d | 1620 d [43.50 ¢ | 349 d | 1.70e [ 1,630 d[4.446 d| 6076 d | 0.268d

25 FIE7E biyggm o] 252.70d| 11.65 ¢ 2090c¢ | 6955b( 45.8 ¢ | 2.60d {2270c | 4800 ¢c| 7.070 ¢ | 0321 ¢

30 11294 b|335730 ¢]337.50 ¢| 1200 b | 22.00b | 7430 a 4865 b| 2.81c (2542 b[4909b| 7451 b | 0341 b

735 121102 {37625 {33750 b} 1259 a| 2300a | 74.70a | 3030a| 3.10b | 2730 a| 4984a{ 7.714a ;0353 a

100 12154 a (39700 237150 a} 1262 a| 24.00a | 7545 a|302a| 325a [2.782 a|5076a| 7858 a | 0354 a

. 2005/ 2006 season

Zcro 103.70¢ 126600 ¢/ 21000 ¢] 959 d | 1750 d | 4570 ¢ 13510 d] 1.85¢ | 1.650 d|4.280 d] 3.930d | 0.278 d

{' 25 114.55b |agp00 | 263.50d [ 1235 ¢ | 2200 ¢ | 7190 b} 4790c| 270b | 2480¢c | 5200c | 7.680c | 0322 ¢
I

S T5.60b | 361500 343.75¢ 1260 b | 2330 b | 76.35a 14922 b| 286b [2.765 b 15350 b| 8115b | 0340 b
75 112322u 390,00 b| 362000 1 1336 2| 2420 b 7680 a51.12 | 320a | 29354 | 53504 | 82852 | 0354 a
4 —
r 100 12375 a 41100 af 393.30a l 1316 o] 2530 a ) 77.75 a} 5096a] 330a | 2990a | 5480 a| R8470a 0.353a
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Number of tillers and spikes/m showed a positive response to higher N
levels. The highest number of tillers and spikes/m” was recorded at 100 kg N/fed
which significantly differed from either control treatment (zero kg N/fed) or the
other levels (25, 50 and 75 kg N/fed) in the two growing seasons. This means
that N application promoted tiller formation and spikes initiation and also
seemed to be important in promoting grain set through enhancing the production
of spikes per unit area and the number of grains / spike . Similar results were
reported by other investigators (El-Nagar, 2003; Ali ef al., 2004; Allam, 2005
and Gafaar, 2007).

Spike length was significantly increased with raising N levels up to 75 kg
N/fed. The references indicate that spike length was increased by raising N levels
up to 75 or 100 kg N/fed (Moursy, 1999; El- Habbasha, 2001 and Abdel-
Hameed, 2005).

The number of spikelets/spike, 1000- grain weight and grain yield/spike were
significantly increased with increasing N level up to 75 kg N/fed, while the
lowest values were obtained by contro! treatment (unfertilized plants) in both
growing seasons ( Table 2 ) . However, number of grains/spike was significantly
increased by raising N fertilization up to 50 kg N/fed. From the above results, it
seems that 75 kg N/fed was sufficient for a high number of spikelets/spike which
increased the number of grains through the reduction of grain abortion.

Data reveal significant differences in grain yield/fed among the various levels
of nitrogen in both seasons { Table 2 ) . However, differences between 75 and
100 kg N/fed were not significant. It is apparent that the addition of the first
25 kg N/fed increased grain yield/fed by 25.6 and 33.2 kg grain for every kg N
over the control treatment in the first and second seasons, respectively. The
application of the second 25 kg N/fed increased grain yield/fed by 10. 9 and
11.4 kg grains for each kg N applied over the first 25 kg N/fed in the first and
second seasons, respectively. On the other hand, the addition of the third 25 kg
N/fed increased grain yield/ fed only by 7.5 and 6.8 kg grains for each kg N
addition over the second 25 kg N/fed in the first and second seasons,
respectively. These results clearly show that the effect of nitrogen on grain yieid
mainly can be attributed to the positive effect on the number of spikes/m”, spike
characters and 1000-grain weight. Many researchers concluded that wheat grain
yield/ fed was increased by raising N levels up to 75 and 90 kg N/ ha (Abd El-
Ghany, 1997 and Moursy, 1999, respectively).

Straw and biological yields/fed as well as harvest index were significantly
increased with increasing N application up to 75 kg N/fed and remained
relatively constant by increasing N level up to 100 kg N/fed inboth seasons as
shown in Table 2 . Similar results were reported by Abdel-Hameed (2005),
Hussain et al. (2006) and Gafaar (2007) for straw and biological yields and by
Moursy (1999) and El-Habbasha (2001) for harvest index .

kgvpt. J. Agron. 31, No.l (2009)
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Milling characters

The highest values of flour and fine bran percentages were obtained when the
plants were fertilized with 100 kg N/fed ( Table 3 ) . However, the differences
between 100 and 75 kg N/fed were not significant for the two characters in both
seasons. On the other hand, coarse bran percentage was significantly decreased
by raising N fertilization up to 75 kg N/fed. The highest value of coarse bran was
obtained by unfertilized plants in both seasons. In this respect, Toaima et al
(2000) reported that flour percentage was increased by raising N fertilization
up to 80 kg N/fed. Moreover, Ibrahim et al. (1996) reported that fine bran
percentage was significantly increased but coarse bran percentage was
significantly decreased by increasing nitrogen fertilization up to 80 kg N/fed.

TABLE 3. Effect of nitrogen fertilization on milling characters of wheat grains
during 2004/ 2005 and 2005/ 2006 seasons .

Characters ]
Flour % Fine bran % Coarse bran %
N-levels
(kg N/ fed)
2004/ 2005 season
Zero 555 d 7.0 d 373 a
25 64.0 ¢ 8.0 ¢ 273 b
530 683 b 88 b 228 ¢
75 720 a 90 a 19.0 d
100 724 a 91 a 18.3 d
2005/ 2006 season
Zero 36.5 d 7.1 d jod a
25 657 ¢ ! 84 ¢ 2859 b !
<0 690 b | 25 b 270 ‘
- !
75 N34 I 34 a ind d [
HO 728 a i 5.5 a 8 d
L

Technological characters

Protein content and its related traits (wet and dry gluten percentages) were
significantly increased with increasing W application up ie 75 kg Nifed
( Table 4 ) . Further increase in N level up to 190 kg N:fed had no significam
effect on these traits. However. 25 and/ or 50 kg N/fed did not significantly
differ for protein content in the two growing seasons. The favorzble effect of
nitrogen on protein, wet and drv gluten conients might be due to macronutrieni
occuring in nucleic acids which are recessary for protein synihesis. Mar
workers reported that grain proiein percentage was increased by raising N
fertilization up to 80 or 100 kg Nrfed (Ibrahim er o/ 0 1996: Ei-Habbasha.
2001 and Toaima et af., 2000).

Egypt. J Agron . 31, No.1 (2009)
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TABLE 4. Effect of N fertilization un tcdmoluglml characters of wheat grains during 2004 / 2(}0‘5 and 2005/ 2006 seasons .

Nacttrs

N- Iu'glﬁ
(kg N/ ted)

.\\

b e ——— ,._a_‘.__,“,,

3
i
r

T

Proteis Yo Wet gluten % Dry gluten % Ash % Total cn(l;l;o)hydrate
e

2004/ 05 | 2005/ 066 | 2004/05 | 2005/06 | 2004/05 | 2005/06 | 2004/05 | 2005/06 | 2004/05 | 2005/ 06
943 ¢ 981 v 2021 d 2242 d 8.9 d b1.38 d 1.79 a 1.80a 30.67 ¢ 5217 ¢
P78 b F145 b 2632 ¢ 29.07 ¢ 1.7 ¢ 11.90 ¢ 1.76 a 1.77 a 5812 d 5835 d
1711 h 1237 h ! 1735 h 390 b | 1207 b 1255 b [.55 b 1.60 b 6122 ¢ 62.22 ¢
13.28 a 1336 a 28774 3205 a 1287 a 13.24 a 1.50 ¢ 1.53 ¢ 64.76 b 6495 b
1328 a 13.57 4 2882a 3231 a 1293 a 13.46 a 1.39 d 1.43 d 69.37 a 6995 a
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[n dissimilarity with protein percentage, results obtained in this study
indicated that, unfertilized plants significantly exhibited a higher ash
percentage followed by 25, 50, 75 and 100 kg N/fed in a descending order in
the two growing seasons. However, the differences between unfertilized plants
and 25 kg N/fed did not reach the level of significant in both growing seasons.
In this respect, Abd El-Gawad et ol (1994) found that increasing N
fertilization decreased ash percentage up to 75 kg N/fed. The total
carbohydrate percentage of wheat grains recorded the highest value with
100 kg N/fed, while the lowest one was achieved by unfertilized plants. The
increasing in total carbohydrate percentage by N application might be due to.
nitrogen (I} linked with carbohydrate metabolism and enhanced the transport
of nitrate and (II) increased the endogenous cytokinin which accelerate
carbohydrate storage (Micheal & Beringer, 1980). In this respect , Ahmed
(1995) found that total carbohydrate content was increased by raising N
fertilization up to 90 kg N/fed.

Rheological properties

The results presented in Table 3 and Fig. | reveal that the rheological
characters (water absorption percentage and dough stability time) were
increased, but dough weakness was decreased by increasing nitrogen
fertilization levels from zero up to 100 kg N/fed. The superiority of the dough
quality. characters. {(water absorption percentage and dough stability time) and
the inferiority of dough weakness obtained herein by increasing nitrogen
fertilization levels may be attributed to the increase in the protein and wet and
dry gluten percentages in wheat grains as shown in Table 4. However, the
highest value of dough development time was obtained by nitrogen
applications of 50 and 75 kg N/fed in the first season and 100 kg N/fed in the
second season. Toaima et al. (2000) found that the highest values of water
absorption percentage and dough stability time were increased by raising N
fertilization up to 80 kg N/fed. On the other hand, Boehem er al. (2004) found
that raising N fertilization from zero up to 67.2 kg N/fed increased water
absorption percentage and dough development time.

Lsavpt. ] Agron . 31, No.t (2009)
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TABLE 5 Effect of anitrogen fertilization on rheological properties (farinograph properties) of wheat dough during 2004/ 2005 and
2005/ 2006 seasons .

rr

Fm\f“ﬁn_gpﬁl’()'[)(.'!‘ti—EEH;’I'#‘wﬁrk_-i— T
! Water absorption (%) Dough de\(/:,;:(i)l!))ment time Dough it,:?,:‘)ny time Dough weakness (B.U.)
N-levels R A T i
| (kg N/ fed) 2004/05 2005/06 2004/05 2005/06 2004/05 2005/06 2004/05 2005/06
Jero | 37.5 59.5 1.50 1.50 3.00 4.00 135 100
S | 61,5 62.0 1.00 1.50 - 3.73 4.00 95 95
s —T 62.0 63.0 2.00 1.50 -j.uo 4.50 90 90
’F”??”W 653 | 665 2.00 1,50 500 6.50 60 60
] S 68.0 69.5 o0 | 2.00 “c:su 9.50 50 | 35

CUNCLLYZUILLYAL NADOULIN 40 10404

£0l



(600T) 1'ON *1€ " w0dy - 18y

( 2004/2005 season ) .

75 kg N/ fed 100 kg NS fed

25 b N/ Ted &0 ke N fed

Foro g N0 fed

Fern ke K7 e 15 Ky N Ted S kg N/ fed 75 kg N/ fed

Fig.1. Effect of nitrogen fertilization on rheological properties ( farinograph properties) of wheat dough during 2004/2005
and 2005/2006 seasons.

100 kg N/ Ted

F0l
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