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RESPONSE OF WHEAT CULTIVARS TO FOLIAR
APPLICATION OF ZINC AND MANGANESE
Zein, F.1.; M.S. El-Yamani and Asmaa A. El-Basnouny
~ Soil, Water and Environment Research Institute, ARC, Egypt.

ABSTRACT
Two ﬁeld trials were conducted at the experimental farm of Sakha
‘Agric. Res. Station Kafr El-Sheikh Governorate during two successive
seasons 1998/99 and 1999/2000. The objective of this investigation was to
study the influence of foliar application of Zn and Mn in presence of NPK
soil application on yield and yield components of six wheat cultivares,
Sakha 8 (V1), Sakha 69(V3), Sidsl(V;), Baniswaif 1 (V,), Gemmeiza 3 (Vs)
and Gemmeiza 5 (Vg). The expenments were treated statistically using spht
“plot design, with four replicates. '
The observed results can be summarized as follows: -
» The yield and yield components of wheat cultivares were
affected significantly by foliar apphcatlon of Zn and Mn
. treatments.
e Baniswaif 1 cultivar generally gave the hlghest values of
grain yield, weight and number of kernels per spike under
different foliar application treatments of the two seasons.
o The highest values of straw yield were generally obtained
from Gemmeiza 3 under different foliar application of Zn and
Mn treatments of the two seasons.
e Sakha 8 and Baniswaif 1 cultivars generally gave the highest -
values of harvest index under different fohar apphcatlon
- treatments of the two seasons.
Ka y wards: wheat cultivars, micronutrients, fohar apphcatlon, Zn and Mrn
INTRODUCTION
Wheat gram is an important agricultural product in Egypt Wheat
bread is the main diet for the Egyptian population and straw of wheat is
considered an important feed for livestock. The nationa! production of
wheat is not enough and Egypt is importing a substantial amount of its
annual consumption of wheat. The main national target is to maximize food
production specially wheat production. The Egyptian soils are become
deficient in micronutrients as a result of many reasons such as intensive
cropping, low percentage of soil organic matter, alkaline conditions of soil
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lLai (‘ecreased the availability of some trace elements such as Zn and Mn
and precipitation of clay in the front of High Dam. This hypothesis
supported by Hamdi (1975). The consequences of these reasons, the
addition of micronutrients particularly Zn and Mn to crop plants become a
limiting factor (Amberger, 1982). One way of increasing production of
~ wheat is by increasing the efficiency of added NPK fertilization as well as
Zn and Mn micronutrient contents of wheat cultivares. El-Kady and Zein
(1997) and Abd El-Hadi (1987) reported that grain and straw yield of wheat
were positively affected by spraying wheat plants with Mn or Zn solution at
tillering and booting stages.

El-Yamani (1994) recorded that potassium and Zinc fertilization were
factors contributing in the increase of the efficiency of nitrogen uptake from
soil and its utilization by wheat plants.

Wallace and Wallace (1983), El-Fouly etal. (1990), Selim (1992) and
El-Kady and Zein (1997) mdecated that urea mcreased foliar intake of
micronutrients.

The objective of the present mvestlgatmn was to study the mﬂuenoe
of foliar application of Zn or Mn alone or with urea in presence of NPK so;l
fertilization on y1eld of six wheat cultivars.

MATERIALS AND METHODS

Two field experiments were conducted at the experimental farm of
Sakha Agric. Res. Station during two successive seasons of 1998/99 and
1999/2000 to study the influence of foliar application of Zn and Mn
micronutrients in presence of NPK soil application on yield production of
wheat. The foliar application treatments were: cont. (T1); 500 ppm Zn (T3),
500 ppm Mn (T3), 500 ppm Zn-+1g/L urea (T,) and 500 ppm Mn+ 1g/L
urea (Ts). Six wheat cultivares were experimented; Sakha 8(V;), Sakha
69(V2), Sids (V3), Baniswaif 1(V,), Gemmeiza 3(Vs) and Gemmeiza 5(Vs).
The experiment was conducted in a split plot design with four replicates.
‘The main plots were randomly assigned to foliar application of Zn and Mn
treatments, the sub-plot to six wheat cultivares. The area of each plot was
8.4(2.4x3.5) square meter. All plots of the experiment were treated with
15.5 Kg P;0Osf/fed as superphosphate fertilizer (15.5% P20s) and70Kg
N/fed in the form of urea (46% N) splitted in three doses. The first dose (14
Kg N/fed) was broadcasted together with P-fertilizer and 24 Kg K20/fed as
potassium sulfate (48% K20) at sowing. The second and the third doses of
urea 28 Kg N/fed were applied at tillering and booting stages. The foliar
application 500 ppm Zn in the form of Zn SO4, 500 ppm Mn in the form of
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Mn SQO,, 500 ppm Zn +1g urea/L and 500 ppm Mn+ lg urea/L were
sprayed at tillering and booting stages. Spraying solution was used at the
rate of 200 L/fed.

Wheat grains at rate of 60 Kg/fed were sowing at 10™ and 12” of Dec.
1998 and 1999. The wheat plants were harvested at 28™ May 1999 and
2000. The grain and straw yields were determined after maturity and
wel ghed at 15% moisture content. Harvest index were also recorded (total
grain : total dry matter).

' Soil surface samples (0-30 cm) were taken from the experimental
sites and analyzed before plantmg Auvailable nitrogen was extrected by K-
sulfate and determined using the mlcrok;e]dah] method according to
Jackson (1958).

Available phosphorus was extracted as dercibed by Olsen et al.
(1954) and then determined spectro photometrically according to Jackson
(1958). Available potassium was determined - by flame photometer in the
ammonium ‘acetate - extract, according to Jackson (1958). Available Zn and
Mn were determined by Atomic absorption spectrometry (Berkin Elmer
3300), in the DTPA extract according to Lindsay and Norvell (1978).

. The soil characteristics of the expenmental locat:ons are presented in
Table (1).
The data were subjected to statistical analysis accordmg to Snedecor
: and Cochran (1980).
RESULTS AND DISCUSSION

Soil analysis: Data in Table (1) showed that the soils of the
experimental sites were clayey, i.e., 51.30 and 52.70% clay ( in 1999 and
2000) with pH of 7.79 and 8.00. Low organic matter (1.26 and 1.50%) and

- low available nitrogen (32 and 36 mg N /kg soil). The soil contents of
available phosphorus were low (8.00 and 8.50 mg/kg soil in 1999 and 2000
sesons). Their X contents were high (530 and 560 mg/kg soil)and their
available Zn and Mn contents were normal (1.04, 1.50 mg/kg soil for Zn
and 14.04, 16.80 mg/kg Mn for soil in 1999 and 2000 respecively).

Grain vield: the results in Table (2) and Fig. (1) show that the grain
yield of wheat was affected significantly by different foliar application of
Zn and Mn treatments and with wheat cultivers. Baniswaif 1 (V) gave the
highest values of grain yield under T;, T; and T, in the two seasons. While
Gemmeiza 5(V¢) and Gemmeiza 3(Vs) gave the highest values under (T2)
and (Ts) respectively, in the two seasons. The maximum values of grain
yield (3.01 and 3.11 tonffed in 1999 and 2000) were obtained by
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Table (1). Sane chemice! and physical properties of the soil urface layer (0-30 cw) before planting.

S | o | Soble caions me/L | Sobible snions mer, | AvMsbenmAnemy | (ToW gy e, |
Yer lias| m Ca™|Mg™| Na* | K* |0G3[HCO:| oF | 805 | N [P K |2Za | Mo | % | 288 | Chy [gy o | Sand T
susp | 25C° lw | % %
1998/99 7.79 | 3.44 1180] 120] 3.6 [03]] - 6.5 1100117.41]32.0]8.0153011.041140411.26| 4.12 151.30(24.90] 23.9 Clm
1999/20001 7.80 | 2.95 (14.0 12_.0_ 3.6 (031f - | 60 [1201{11,9}136.018.5]560{1.507 16.8 l.SQ 3,73 §52.70§25.20{22.10{ Clavey
* 1: 25 soil '

: water suspension
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Table (2): gﬂact of foliar gppiwcdan af Zn aud Mn an and six wheat cultivars on min and smm yields.

Fohar ar application of Zn and Mn mic mu:rmutnm
W T — 1998/99 1999/2000
Variat NPK Zn Mn In Mn NPK cont Zn Mn Zn Mun
arictios cont | $00 ppm | 300 ppm | +1g wrea/L. |+ig vrea/l,} Mean ool 500 ppm | 500 ppm | +1g urea/L +1g urea/L,{ Mean
Ty | (D) (Ty) N _{Ty) T (Ts) (VI T3
' ' . ~_Grain yield (ton/fed)
Sakha 8(V)) 202b| 2.18¢ 2124 2.50b 2.15¢ 2.19 2,014 2.25¢ 2.26¢ 2.68b 2.31c 2.30
Sakha 69 (V) 1894 | 198d 2.30¢ 1.9 . 2,29b¢ 2.09 1.8%¢ 2,22¢ 239 2014 241bc 2.20
Sids (V3) 224b| 2.1lcd | 2.55b 2.58b 216c | 233 2.20¢ 2.28¢ 2,750 2.6% 2.56ab | 250
Baniswaif 1 (V,) [2.4%5 ] 2.60b 3.01x 29 | 2i5¢c | 263 | 249 2.76b 3lla 3.08 227 24
Gemmeiza 3(Vs) 207c| 2.13¢ 2.56b 223¢ | 25la 230 [ 2.06d 2.31c 2,77 2.38¢ 2.66a 2.44
Gemmeiza S(V;) [2.36b| 284a [ 254b ;| 235 | 236b 249 234b | 2.96a 2.70b 2.45¢ 2.52ab | 2.%9
' -~ Straw yleld Id (tonfed) '
Sakha 8(V;) 3184 178 3.3% 372 | 2.72d | 3.36 3.62¢ 3.95¢ 3.65d 3.94b 3.10c 3.65
Sakha 89 (V) 337 | 4.21b 4.73¢ 3.93d 4.25b 4.11 3.77c | 4470 4.96ab 4.10b 4.57 4.17
Sids (V) 384a 3.9% 4.95b -481n 4.17b 437 | 4200 | 4.3be 4.44¢ 5.03a 4418 4.50
Baniswaif 1 (V) 337 | 42 4.23d 44le 3.75¢ 4.01 4.0dab 4.43b 4.48¢ 4772 397 1M
Gemmeiza 3(Vy) 3.03a| 4336 | 533 4.48bc 4.48a 4.5 4.39a 4.54b 5262 4.76a 477a 4.74 -
Gommeiza (V) |3.70b| 4.70a 4.34d 4.58b 3 62¢ 419 | 4. 10ab | 5.138 | 4.72bc 4.8% 391 4.45

In a column, means followed by & common letter are not sigmﬁca.ntly different at the $% level by DMRT
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Fig 1. Effect of foliar application of Zn and Mn micronutrients and six
wheat caltivars on grain yield. _
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apphcatnon of 500 ppm Mn for Baniswaif 1 cullwer in the two seasons. The
grain yields were positively increased by about 20.88 and 24.9% in 1999
- and 2000 due to foliar application of 500 ppm Mn at tillering and booting
stages. These results are in agreement with those published by El-Kady and
Zein (1997) , Monged and Basha (1986), Abd Ei-Hadi (1987) and Dahdoh
(1997). They reported that spraying wheat with Mn SO, increased grain
yield over the control. In general, it could be stated that Baniswaif 1
cultivar gave the highest grain yield under different foliar application of Zn
,and Mn treatments. The effect of foliar application with Zn on grain yield
was more pronounced in the presence of 1g urea/L, while the effect of
foliar application of Mn was more efficient in the absence of urea in
spraying solutaon than the other treatments.

Straw yield: The results in Table (2) and Fig.(2) show that straw yield
of wheat cultivars were affected significantly with different foliar .
application of Zn and Mn treatments. Gemmeiza 3 gave the highest values
of straw yield under (T)), (Ts) and (Ts) treatments in the first season and
(T,), (T3), (T4) and (Ts) treatments in the second season, while Gemmeiza 5.
cultivar gave the maximum values of straw yield under (T) treatment in the
two seasons, The maximum values of straw yield (5.33 and 5.26 ton/fed in
1999 and 2000) were obtained by application of 500 ppm Mn with
Gemmeiza 3 cultivar in the two seasons. The straw yields were increased
by about 35.6 and 19.8% over control (T,) in 1999 and 2000, respectively,
due to spraying wheat plants with 500 ppm Mn at tillering and booting
stages. These results were supported by the data obtained by Gab-Alla et al.
(1985). They reported that an increase in straw yield of wheat was observed
when sprayed wheat plants with 0.2% Mn SOy at tillering and heading
stages. While El-Kady and Zein (1997) found that spraying Zn alone or
with urea increased significantly the straw yield of Sakha 69 wheat cultivar.
Regarding the effect of foliar nutrients on wheat and straw yields, an
increase in grain and straw yields than contro} treatment were observed, .
these increments may be due to the fact that applying nitrogen and
micronutrients increased the level of indole acetic acid (IAA), chiorophyll
content and net assimilation rate (NAR)in leaves and increased the total
dry matter accumulation and yield components (Hemantaranjan and Garg,
1984).

Number of heads per square meter : The results in Table (3) show that
the number of heads per square meter of wheat cultivars were affected
significantly with different foliar application of Zn and Mn treatments. The



765 ~Zein, F. 1. et al.

W

Cutiver [my1 vz mVZ mV4 BVS BVS]
-«

| Straw ietd (onted

_ Fig 2. Effect of foliar application of Zn and Mn micronutrients and six wheat
_ cultivars on straw yield.
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highest number of heads per square meter (390 and 392 in 1999 and 2000)
were obtained under foliar application of 500 ppm Zn and with Banisawif 1
cultivar in the two seasons. The results showed that a pronounced increase
in the number of heads per square meter was recorded with sprayed wheat
plants with 500 ppm Zn at tillering and booting stages. These results were
supported by the data obtained by Gab-Alla et al. (1985). They found that
an increase was noticed in the number of heads per square meter when -
spraying wheat plants with 0.4% Zn SO, solution at tillering and booting
3 stages
ng The results in Table (3) show that the 100-
- grain weight of wheat cultivars was affected significantly with different
foliar application of Zn and Mn treatments. The highest values of 100-
- grain weight (4.61 and 4.60 g/100 grains in 1999 and 2000) were obtained
when spraying wheat  plants with 500 ppm Zn+ 1g urea/L with Sakha 8 in
- the first season and Sids cultivar in the second season. These results
indicated that the effect of Zinc on the 100-grain weight of wheat was
generally more pronounced in the presence of urea than without it. These
results were supported by the data obtained by Mahrous et al. (1986) and
El-Yamani (1994) who found that a slight increase in the IOO-gmm weight -
was obtained with Zinc application. -

8 wmmm The results in Table )]
-show that weight and number of kernels per spike of wheat cuitivars were -
affected significantly with different foliar application of Zn and Mn
- treatments. In general Baniswaif 1 cultivar gave the highest values of
weight and number of kemels per spike under different foliar application of
- Zn and Mn treatments. The maximum values of weight kernels per spike
(2.14 and 2.27 g/spike in 1999 and 2000) were obtained when spraying
wheat plants (Baniswaif 1) with 500 ppm Mn + Ig urea/L inthe two
seasons. These results indicated that the effect of Min on weight of kernels
~ was more efficient in the presence of urea than without urea in spraying
. solution. These results were supported by the data obtained by Gab-Alla et
al. (1985) The maximum values of kernels numberperspike (51.0 and
51.5 in 1999 and 2000) were obtained when spraying wheat plants
(Bamswalf 1) with 500 ppm Mn in the first season and 500 ppm Mn + 1g
urea/L in the second season. These results showed that Mn is an important
factor contributing in the increase of kernels mumber per spike. This
increase was more pronounced with Baniswaif 1 cultivar. These results

. were supported by the data obtained by Monged and Basha (1986).
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Table (3): Effect of foliar application ona and Mn micronutrients and six whcatculﬁmon number of

heads per syuare meter and 100-grain weight

Foliar applicati monnandMnmacmutrm

w 1908/99 1999/2000
Varietios NPK | Za$00 | Ma Zn [ NPK cont | 20 Mo 2 Mo | -
: cant | ppm | 300 ppm | +ig ures/L | +igurea/L| Mean | (T) 500 ppm | 500 ppm | +1g urea/L. | +1g urea/L} Mesn
) [ (1D T o] Ty T (T) (T @y
Nusber of heads per square meter ‘
Sakha 8(V)) 3058 | 334c | 312b [ 3458 | 306a | 320 | 30lbc | 3B3a | 329 3622 31 lab_| 337
Sakha €9 (V) 2330 | 354b | 335 278¢ 30% 302 3070 | 3l0s | 347a | 201¢ Nsa_| 314
Sids (V) 266c | 346b | 336a | 326b 308a | 316 | 293cd | 347c | 34% 4ib 15| 329
Baniswaif 1 (V| 267c | 390a | 325ab | 346a 284b | 322 | 327a | 392a | 335 357 30%b | 343 |
Gemmeiza 3(Vy) | 247d | 331c | 319 285¢ 28sb | 203 | 2854 | 324d | 330b 299 | 3i4ab | 310
Gemmoiza 5(Vs) | 284b | 384s | 316b 340s | 285b | 322 | 332a | 366b | 325b | 3436 | 303ab | 328
Sakha 8(V) 3.83ab | 377 | 4176 46la 435 | 415 | 380b | 4006 | 433a | 44%b | 438 | 420
Sakha 69 (V) 40a2 | 347 | 4458 | 429 | 432 | 412 | 40lab | 3.63c | 430s | d43ab | dd42s | 4.6
Sids (V) 38%ab_| 4.0%c | 4.27ab | 44%ab | 434a | 418 | 394ab | 406b | 44la | 460 | 4378 | 428 |
Baniswaif 1 (V) | 3790 | 4.30s | 431ab | 447ab | 433 | 427 | d.10a | 434a | 442a | 4280 | 4dSa | 432
Gemmeiza 3(Vy) | 3.92ab | 3.58¢d | 4.33ab | 4.52ab | 4.30a | 4.21 | 396ab | 4.28ab | 438 | 450ab | 447 | 432
Gemuneiza S(Vy) | 3.82ab (4.19ab | 449 | 4.42eb | 4.58a | 430 | 403ab | 4.30sb | 443 | 45lab [ 436 | 433

In a column, means followed by & cammon lester are not significantly differeat at the 5% lovel by DMRT.
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Table (6): Effect of foliar application of Zn and Mix micronstrients and six wheat cultivars om weight and

number of kernels per spike. _
- Folias application of Zn and Mn micronutrients
Wheat _1998/99 ' . 1999/2000
Varieties NPK | Zn 500 Mn In Mn NPK cont Zn Mn Zn Mn '
Jcont | ppm |500 ppm|+1gureast,|+1gureal.| Mesn |- Ty 500 ppm | 500 ppm [+1g urea/L{+1g wrew/l.| Mean
(T 1 () (T3) (Ts)_ (T (T 1 (T |. Ty (T
‘ Woeight . M&% ' '
Sakha 8(V,) 144b [ 1.42bc | 1.67¢ 1.75b 1.70b 1.60 1.40¢ 1.50bc 1.65¢ 1.75¢ 1.72¢ | 1.61
|Sakha 69 (V3) 1.54ab | 1.30¢ | 1,75be 1.560 1.80b 1.59 1.52b 1.31d 1.67¢ 1.64d 1.81b¢ | 1.59
Sids (V1) 1.55ab | 1.51b | 1.73bc 187 | 1.78b 1.69 1.56b 1.46¢ 1.81b 1.89ab 1,83bc 1.71
Baniswaif 1 (V) | 1.66a {1.60ab| 1.96a 2068 | 2148 1.88 1.79a I.61b 221a | 197a 2.27a 1.97
Gemmeiza 3(Vs) | 1.67a | 1.54ab | 1.86ab | 1.76b 1.76b 1.72 1.63b 1.58b 1.8% 1.84bc 1.79 1.75
Gemmeiza 5{(Ve) | 1.58ab | 1.72a | 1.84abe 1.770 1.88b 1.76 1.61b 1.76a 1.82b | - 1.76¢ 1.92b 177
- . " Number of kernels per spike '
Sakha 8(Vy) 3384 | 373b | 39.5¢c | 38.3¢ 39.5b 37.7 | 30c 37.5b 39.5¢ 39.3cd 3954 | 38.00
Sakha 69 (V) 34.5cd [ 379b | 393¢ | -37.5¢ 41.3b 380 36.5b 36.5b 39.5¢ 37.5d 41.5¢d | 3830
Sids (V4) 36.5bcd | 37.5b | 40.5bc | 42.5b 41.3b | 397 36.7b | 36.5b { 41.5b¢ 43 5b 42,5bc | 40.10 _
Baniswaif 1 (Vy) | 40.1a | 37.3b | 51.0a 4688 | 47.5a 44.5 40.1a 37.3b 50.58 46.5a { S15a | 4520
iGemmeiza 3(Vs) | 38.3ab | 37.5b | 43.5b | 39.5b¢ 42.0b 4.2 37.4b 37‘.§b 1 43.3b 4].5bc 40.0d | 40.00
|Gemmeiza 5(Vs) | 37.2b¢ | 41.0a [41.5bc| 40.3bo 41.8b 40.4 35.5b 41.3a | 41.5b¢ 39.3¢d 44 5b | 40.60

In a colymn, means followed by 8 common Iomf are not significantly different at the 5% Jevel by DMRT.
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Table (3): Eﬂmgfd&:wﬂmﬁm onn and Mn mm and six wheat cultivars on harvect

_Foliar application of Zn and Mn mmomuncnu

lnaw&nmn.meamfounwedbyaoommnlenwmnotusmﬁwnﬂymﬁmmmh:S%lewlbthﬂlT

Wi " 1998/99 1999/2000 ‘

Varieties NPK|{Zn500| Mn | 2Zn - Mn INPK cont Zn | Mn Zn Mn
cont { ppm | 500 ppm|+ig urca/L|+1gures/L; Mean Ty 500 ppm | 500 ppm |+1g urea/L|+1g uren’l.| Mean

Tl (M) | (T | (T ) Yol | @) (T T
_ a - - - Harvest index of wheatcrop B a -
Sakhs 8(V)) 037b j 037b | 039 | 0.40a 0.44a 0.39 036¢c | 036b | 03% 0.41a 043a | 039
Sakha 69 (Vy) 0.33cd | 0.32d | 0.33e 03¢ | 0.35d 0.33 034d | 0.33e 0.33e 034d 0.35¢ 0.33
_{Sids (Vi) 034¢c | 0.35¢ | 0.34d 035b | 034d 0.34 0.34d | 0.34d 0.35d 035¢ 0.34e 0.34
Baniswaif 1 (Vo) | 0.39a | 0383 | .042a | 0.40a 0.3% 0.39 0.38a 0.39 041a 0.3%b 037¢ 0.39
Gemmeiza 3(Vs) | 032d | 033d | 0.33e 0.33¢ 0.36¢ 033 | 032 0.3%5¢ | 035d 0.33d 036d | 034
Gemmeiza 5(Vg) | 0.36b | 0370 0 37c 034c |- G % | 037 0. 37b 0.37b 0.37¢ 0.33d 0.3% 0.36
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Harvest index: Total grain/total dry mater: Data in Table (5) showed
that harvest index of wheat cultivars were affected significantly with foliar
application of Zn and Mn treatments. The results showed that the harvest
index was much higher with Sakha 8 and Baniswaif 1 cultivars than the
other studied cultivars. The maximum harvest index (0.44 and 0.43 in 1999
and 2000) were obtained with Sakha 8 cultivar when spraying wheat plants
with 500 ppm Mn + 1g urea/L. These results indicated that the effect of Mn -
on harvest index was much higher in the presence of urea than atits

* absence in spraying solution.

It can be concluded that spraying wheat plants with Zn and Mn
micronutrients at tillering and booting stages resulted in higher grain and
straw yields, weight and number of kernels per spike and harvest index.
These main yield components were more pronounced with Baniswaif 1
cultivar which gave the highest grain yield associated with high number of
heads per square meter, weight and number of kernels per spike. -
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