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ABSTRACT

Two field experiments were conducted in newly reclaimed sandy soils
deficient in P and Zn located at an extension field in EI-Salhia region, Sharkia
Governorate during 2004/2005 and 2005/2006 seasons. This study aimed to
evaluate the interactive effects of three levels of P (15, 30 and 45 kg P,Os/fad
as ordinary superphosphate, 15.5% P,0s) and four zinc rates (4, 8, 12 and 16
kg ZnSO,4.7H,0/fad) on growth, yield and the contents of P and Zn in leaf and
grain of wheat (Gemmeiza 9 cv). The most important findings could be
summarized as follows:

Application of 30 kg P,Os/fad or 12 kg ZnSOu/fad significantly
increased leaf area index, net assimilation rate, total chlorophyll, 1000-grain
weight, grain and straw yields in both seasons. The increase of P level up to
45 kg P,Os/fad did not add any significant increase in these traits or grain P
content, but decreased leaf P and Zn contents in leaf and grain were
significantly reduced to the critical levels in both seasons. Leaf and grain Zn
contents did not respond to more than 12 kg Zn SO4/fad, but leaf area index,
net assimilation rate, total chlorophyll, 1000-grain weight, grain and straw
yields were significantly reduced and as well the contents of P in leaf and
grain in both seasons. These results confirmed that the over P and Zn
application induced an antagonistic effects and significantly depressed
growth, yield and their concentrations in leaf and grain. The balanced supply
of P and Zn helped to alleviate the negative effects of P-Zn antagonism.
Application of 12 kg zinc sulphate with 30 kg P,Os/fad as ordinary
superphosphate could be used and afforded the best beneficial interaction
effects on wheat grown in these soils. Further researches are needed to
identify the suitable crops and the main areas of phosphorus and zinc deficient
soils in order to treat them with the proper nutrient balance. Also, it is
important to screen crop varieties so that the more efficient varieties could be
grown in these soils.
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INTRODUCTION

With the world over growing population, the problem of producing
extra food to provide an adequate standard of nutrition for this growing
population is very important. Phosphorus and zinc are essential for the
normal healthy growth and reproduction of plants, animals and humans and
when the supply of plant-available phosphorus and zinc is inadequate, crop
yields and quality are reduced. The amounts of available P and Zn which are
less than 10 ppm and 1 ppm, respectively, are very low to get an optimum
crop production (Marschner, 1995). Moreover, wheat, barley maize,
sorghum, flax, cotton and legumes are highly sensitive to P and Zn
deficiencies (Bould et al.,, 1983). In Egypt, the soils in many areas where
wheat is grown have very low contents from plant-available P and Zn, and
hence cause widespread P and zinc deficiency to this crop.

Phosphorus increased leaf area index, leaf chlorophyll content, and
hence interception of photosynthetically active radiation which in turn
increased grain yield of rice and wheat (Kolar and Grewal, 1989). Also,
Hagras (1985) indicated that increasing P level up to 30kg P,Os/fad increased
100-grain weight and grain and straw vyields of wheat. Tanaka and Aase,
(1989) found that application of 20 and 40 kg P,Os/ha of P fertilizer
increased grain yields of wheat by 75 to 400 kg/ha. Fageria (1990) found that
adding phosphorus to wheat produced significant increase in each of shoot P
contents 95 days after sowing and grain P content at harvest. Meanwhile,
shoot and grain Zn, Fe and Cu contents were decreased with P application.
Moreover, Jaggi and Minhas (1990) found that grain yield and P uptake of
wheat were significantly increased by increasing P up to 60 kg P,Os/ha,
whereas, straw yield was significantly increased up to higher addition of 90
kg P,Os/ ha. Nataraja et al. (2006) noticed that the application of 75 kg
P,Os/ha to wheat secured the highest number of grains per spike, 1000-grain
weight and grain and straw yields.

Zinc deficiency in plants is widespread throughout the world. This
deficiency is, usually, associated with calcareous high pH soils due to low Zn
availability or with coarse textured (sandy), highly leached, acid soils
because of their low total Zn content or with high levels of available soil
phosphorus which may decrease Zn availability (Takkar and Walker, 1993).

As most crops, the normal way of correcting zinc deficiency in soils
is to broadcast a zinc compound, usually as zinc sulphate, to the seedbed or to
incorporate it into the topsoil at rates between 5 and 20 kg Zn/ha (Catmak et
al, 1999). However, they found that foliar application of zinc is usually only
applied to salvage an existing deficient crop but has very little residual value
in the soil for the following crops. Yadav (1991) found that application of 50
kg ZnSO4/ha increased grain yields from 3.43 (without ZnSO,) to 3.72 t.
Whereas, Dwivedi and Tiwari (1992) noticed that Zn content and uptake in
grain and straw were increased with addition of 5 kg Zn/ha particularly in
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soils with below 0.60 p.p.m. DTPA-Zn. Significantly higher leaf area, leaf
area index, leaf area duration, absolute growth rate and crop growth rate of
wheat plants were recorded with the addition of 10kg Zn/ha; however, RGR
continued to increase with 15kg Zn/ha (Razvi et al, 2005). Nataraja
et al.(2006) also found that the application of ZnSO, at 10 kg/ha resulted in
the highest number of grains per spike, 1000-grain weight and grain and
straw yields.

Negative relationships between Zn and several other essential
elements (e.g. P, N and Cu) have been reported to lead to Zn deficiencies in
plants (Loneragan and Weeb, 1993). The interaction, often called P-induced
Zn deficiency is commonly associated with high levels of available soil P or
with high soil P application. Applying different sources of Zn to the soil has
prevented or corrected the symptoms of Zn deficiency (Loneragan et al.,
1979). Verma and Minhas (1987) noticed that the P content in wheat plant
was decreased with increasing levels of applied Zn. Singh and Singh (1989)
also indicated that during the period of reclamation with high available P in
sub-surface soil, applying 10 kg ZnSOs/ha to wheat crop was optimum to
obtain the highest yield but wheat did not respond to P application. When
wheat was given 30 or 60 kg P,Os and 0, 5 and 10 kg Zn/ha, Choudhary et al
(1997) found that dry matter yield and P uptake were increased with rate P
fertilizer applications. They added that dry matter yield and Zn uptake were
increased with rate of Zn application, but P uptake tended to decrease. Jiao
et al. (2004) found that increasing the level of P application significantly
decreased grain Zn content. Moreover, they found that the content of Zn was
increased with increasing Zn level up to 10kg/ha but was decreased with the
application of P at 20 kg/ha. Nataraja et al. (2006) found that the combined
application of 75 kg P/ha and ZnSO, at 10 kg/ha recorded the highest values
of grain yield and yield components.

Therefore, the present investigation aimed to evaluate the interactive
effects of P and Zn levels on growth and yield of wheat under new reclaimed
soils.

MATERIALS AND METHODS

Two field experiments were conducted at an extension field in El —
Salhia region, Sharkia Governorate, during 2004/2005 and 2005/2006
seasons to evaluate the interactive effects of three levels of P (15, 30 and 45
kg P,Os/fad as single calcium superphosphate, 15.5% P,0s) and four zinc
rates (4, 8, 12 and 16 kg ZnSO,.7H,O/fad, 22.5% Zn) on growth and yield of
wheat (Gemmeiza 9 cv.). The soil of the experimental field was sandy with
moderately high pH. The soil chemical and physical analyses of the upper
30cm layer are presented in Table 1. The analyses of this soil explained that
the amount of available P and Zn are very low (Marschner, 1995).
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Table 1: Some of the soil chemical and physical characteristics of the upper 30cm

soil depth in the two seasons.

Soil property 2004/2005 2005/2006
Value Value
Particle size distribution:
Coarse sand ( %) 51.60 50.45
Fine sand ( %) 31.32 32.49
Silt ( %) 6.25 6.03
Clay (%) 10.83 11.03
Texture class Sandy Sandy
Organic matter ( %) 0.18 0.21
Calcium carbonate ( %) 1.25 1.36
pH (soil water suspension) 7.9 8.01
EC,dSm™(saturated paste) 2.13 2.09
Available nutrients ppm:
P 6.7 6.8
N 3.2 4.7
K 56 45
Zn 0.27 0.31

A split- plot design with 4 replicates was used in both seasons.

Phosphorus and zinc fertilizers were applied as broadcasting at sowing. The
phosphorus rates were distributed at random in the main plots, whereas, the
sub-plots were occupied by Zn rates. The sub plot area was 10.5m? (3 x 3.5)
including 15 rows, 20 cm apart. The preceding crop was peanut in both
seasons.

Sowing dates were on 25" and 20" of November in the first and second

seasons, respectively at a seeding rate of 50kg/fad. The recommend cultural
practices for wheat were applied as practiced in this region. Wheat plants
from an area of 1m? from each plot were randomly taken at 85 and 95 days
from sowing for estimating the vegetative growth characters as follows:

1-

2-

4-

Leaf area index (LAI) was determined using the following equation.
LAI= (leaf area/m?) / (land area/m?).

Net assimilation rate (NAR) after 85-95 days from sowing
(mg/cm?/day) was recorded as the following equation:

NAR = (W.-W;) (loge L,- loge Li)/ (to-t;) (L2-Li). Where W; and W,
refer to total plant dry weight/samples, L; and L, are the leaf area/ the
same samples at time t; and ty, respectively (Radford, 1967).

Total chlorophyll (mg/g). Chlorophyll a and b were determined
according to Fadeel (1962). The optical density of the extract was
measured spectrophotometrically at 662 nm and 644 nm to determine
chlorophyll a and b, respectively.

Leaf Zn content (ppm).
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5- Leaf P content (%).

At harvest, an area of 2m? from each plot was harvested to determine:
1- 1000-grain weight (g). 2- Grain yield (ton/fad).
3- Straw yield (ton/fad). 4- Grain Zn content (ppm).
5- Grain P content (%).

Zinc in leaves and grain was determined by atomic absorption
spectrophotometer (Chapman and Pratt, 1961). Phosphorus in leaves and
grain was determined colorimetrically (John, 1970).

In both seasons, the analysis of variance and Duncan's were used
separately to evaluate the response of each character within treatments
according to Steel et al., (1997).

RESULTS AND DISCUSSION

1- Plant growth characters:

Data presented in Table 2 show the effects of P and Zn fertilization
levels on leaf area index, net assimilation rate, total chlorophyll, leaf Zn and
P contents of wheat grown on P-Zn deficient soil (Table 1). Leaf area index,
net assimilation rate and total chlorophyll were significantly increased by
increasing P level from 15 to 30 kg P,Os/fad in both seasons. The further
increase in P level up to 45 kg P,Os/fad did not add any significant increase
in these growth attributes. The leaf P content was significantly increased in
both seasons due to the addition of the first P increment whereas the second
one decreased both the leaf P and Zn contents. This finding is in harmony
with that obtained by Fageria (1990) who found that adding phosphorus to
wheat produced significant increase in shoot P contents 95 days after sowing.
Meanwhile, shoot Zn content was decreased with P application. The positive
effects of P on growth characters may be due to phosphorus enhanced root
growth, energy metabolism, metabolic transfer processes, photosynthesis and
respiration. It is a component of phospholipids and is required in large
amounts for reproductive organs (Prasad and Power, 1997 and Trostle et al.,
2001). These results are in harmony with those obtained by Kolar and Grewal
(1989).

The obtained results from Table 2, also indicate that increasing Zn
levels from 4 to 12 kg ZnSO,/fad, was followed by a consistent significant
increase in each of leaf area index, net assimilation rate, total chlorophyll and
leaf Zn content, while leaf P content was significantly reduced by 7.28 and
5.30% compared with 4 kg ZnSO./fad in both seasons, respectively. These
results are in partial agreement with those of Razvi et al (2005). Moreover,
the third Zn increment to 16 kg ZnSO,/fad, did not add a significant increase
leaf Zn content but, leaf area index, net assimilation rate, total chlorophyll
and leaf P content were significantly reduced compared with 12 Kkg
ZnSO4/fad. Also, addition of 16 kg ZnSO,/fad, decreased leaf P content to
the critical level (0.198 and 0.174%) where they were reduced by 24.14 and
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34.09% compared with the addition of 4 kg Zn/fad in the first and second
seasons, respectively. In the same trend, Armstrong (1999) found that
applying 10 kg ZnSOg/fad to wheat plants decreased leaf P content to the
critical level (0.20%). Verma and Minhas (1987) also, reported that P content
in wheat plant was decreased with increasing levels of applied Zn. The
beneficial effects of Zn on the growth characters of wheat plants might be
attributed to its important roles in cell division, root extension, respiration, N
metabolism, chloroplast structure and enzymes activation (Marschner, 1995).

Data in Table 3 clearly demonstrated that except leaf area index and
total chlorophyll in the first season, all plant growth characters were
significantly responded to the interaction between P and zinc application
levels in both seasons. The results indicated that the maximum values for leaf
area index, net assimilation rate and total chlorophyll were obtained from
application of 30 or 45 kg P,Os/fad with 12 kg ZnSO,/fad. The highest leaf
Zn contents were obtained from application 15 or 30 kg P,Os/fad with 12 or
16 kg ZnSO./fad. Meanwhile, the interactions 30 kg P,Os/fad with 4 or 8 or
12 kg ZnSO./fad and the interactions 45 kg P,Os/fad with 4 or 8 Kkg
ZnSQOq/fad gave the highest leaf P contents. These results concluded that the
interaction between 30 kg P,Os/fad and 12 kg ZnSO./fad was optimum to
obtain the highest values for leaf area index, net assimilation rate, total
chlorophyll, leaf Zn and P contents. That means that increasing the level of P
alone or with Zn did not cause any significant increase in all growth
characters, but however caused reductions in these traits. These results
indicate that phosphorus and Zn behave antagonistically toward each other
for nutrient uptake and distribution within the plant. These results are in
agreement with those obtained by Loneragan et al. (1979), Singh and Singh,
(1989), Loneragan and Weeb, (1993) and Choudhary et al (1997).

2- Yield and its attributes

The obtained results from Table 4 indicate that increasing P
application level from 15 to 30 kg P,Os/fad produced gradual and significant
increase in 1000-grain weight, grain and straw yields and grain P content in
both seasons. Moreover, 1.900 and 1.721 ton grain/fad, 2.959 and 2.785 ton
straw/fad, and 0.293 and 0.323% grain P content were obtained from addition
of 30 kg P,Os/fad compared with 1.319 and 1.223 ton grain/fad, 2.412 and
2.341 ton straw/fad, and 0.247 and 0.277% grain P content obtained when the
level of P was reduced to 15 kg P205/fad in both seasons, respectively. This
finding is in harmony with that obtained by Hagras (1985) who found that
increasing P level up to 30kg P,Os/fad increased 100-grain weight and grain
and straw vyields of wheat. Also, Tanaka and Aase, (1989) showed that
application of 20 and 40 kg/ha of P fertilizer increased grain yields by
75 to 400 kg/ha. Moreover, Kolar and Grewal(1989) reported that
phosphorus increased the leaf area index, chlorophyll content of leaves, and
interception of photosynthetically active radiation which resulted in increased
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grain yield of rice and wheat. Compared with 30 kg P,Os/fad, increasing rate
of P up to 45 kg P,Os/fad did not add any further significant increase in grain
and straw yields, and grain P content but 1000 grain weight was significantly
reduced in both seasons. On the other hand, grain Zn content was gradually
and significantly decreased by increasing P level from 15 to 45 kg P,Os/fad
which gave 25.035 and 26.385 ppm compared with 20.333 and 21.800 ppm
when 15 or 45 kg P,Os/fad were applied in both seasons, respectively.
Fageria (1990) indicated that adding phosphorus to wheat plants produced
significant increase in grain P content at harvest. Meanwhile, grain Zn
content was decreased with P application. In contrast, Srahan (2004) showed
that increasing P application significantly increased Zn content in wheat
grain. These results are in harmony with those obtained by Jaggi and Minhas
(1990) and Nataraja et al. (2006).

Table 4 showed also that increasing Zn rates from 4 to 12 kg
ZnSOy/fad produced gradual and significant increase in 1000-grain weight,
grain and straw yields and grain Zn content in both seasons. On the contrary,
grain P content was significantly and gradually reduced as the Zn application
rate was increased from 8 to 16 kg ZnSO./fad. Also, applying 16 kg
ZnSOy/fad lowered grain P content to the critical level (0.227 and 0.253%)
and significantly decreased grain and straw yields by 951 and 7.80%
compared with applying 12 kg ZnSO./fad but grain Zn content did not
respond to more than 12 kg ZnSO./fad in both seasons, respectively. This
result confirm the antagonistic effect between P and Zn when they are
applied in improper amounts under the new reclaimed soils which are
deficient in P and Zn (Table 1). Takkar and Walker (1993) and Armostrong
(1999) reported that when P and Zn present in the soil in available forms,
they may interact with each other leaving more injury interaction effects.
These results are in agreement with Yadav (1991), Dwivedi and Tiwari
(1992) and Nataraja et al. (2006). In contrast, Yaduvanshi (1995) observed
that P content in wheat grain was increased with zinc fertilizer application.

The data presented in Table 5 indicate that P and Zn have an
antagonistic relationship on grain P and Zn contents. The highest values of
grain Zn content were obtained by applying 12 or 16 kg ZnSO,/fad with the
low supply rates of P (15 or 30 kg P,Os/fad). In the same trend, The highest
values of grain P content were obtained by applying 30 or 45 kg P,Os/fad
with the low supply rates of Zn (4, 8 and 12 kg ZnSO,/fad). In general,
excessive P or Zn application induced negative effects on growth, yield and
their contents in leaves and grain (Tables 3 and 5). Pervious studies indicate
that increasing availability of P in the growth medium can induce Zn
deficiency in plants (Prasad and Power, 1997). Also, larger application of P
fertilizer to soils that are low in available Zn may depress tissue Zn content or
may even induce Zn deficiency (Gianquinto et al., 2000). It seems that
addition 30 kg P,Os / fad with 12 kg ZnSO,/fad was balanced to obtain the



J. Product. & Dev., 12(1), 2007 325



326 M. ABD ALLA KOTB

highest values for growth, yield, and Zn and P contents in leaves and grain
of wheat grown in P and Zn limiting soils. These results are in harmony with
those obtained by Verma and Minhas (1987), Loneragan and Weeb (1993),
Choudhary et al. (1997) and Nataraja et al. (2006).

From these results, it could be concluded that over phosphorus and Zn
application behave antagonistically toward each other and induced negative
effects on growth and vyield of wheat grown in new reclaimed sandy soils
which are suffering P-Zn deficiency. The balanced supply of P and Zn was
effective to alleviate the negative effects of P-Zn antagonism. Application of
12 kg zinc sulphate along with 30 kg P,Os/fad as ordinary calcium
superphosphate could be recommended as it afforded the best beneficial
interaction effects between P and Zn on wheat grown in these soils. This
necessitates identifying the main areas of phosphorus and zinc deficient soils
and as well the suitable crops and hence treating them with proper nutrient
balance of phosphorus and zinc. Also, it is important to screen crop varieties
so that the more efficient varieties could be grown on soils of lower available
phosphorus and zinc status.

REFRENCES

Armstrong D. L. (1999). Important factors affecting crop response to phosphorus.
Better Crops, 83: 16-19.

Bould C., Hewitt E. J. and Needham P. (1983). Diagnosis of Mineral Disorders in
plants. Vol.1. Principles, (HMSO: London, UK).

Catmak I. M.; Kalayci H.; Ekiz H.J.; Bruan Y. Kiline and Yilmaz A. (1999). Zinc
deficiency as practical problem in plant and human nutrition in Turkey: A
NATO-science for stability project. Field Crops Res., 60: 175 -188.

Chapman H. D. and Pratt P. F. (1961). Methods of analysis for soils, plants and
water. Univ. of California, Div. Agric. Sci., Riverside, Calif.

Choudhary N. R; Vyas A. K. and Singh A. K. (1997). Growth and nutrient uptake
in wheat as influenced by nitrogen, phosphorus and zinc fertilization. Annals
of Agric. Res., 18 (3): 365-366.

Dwivedi B. S. and Tiwari K. N. (1992). Effect of native and fertilizer zinc on dry
matter yield and zinc uptake by wheat (Triticum aestivum L.) in Udic
Ustochrepts. Tropical Agric., 69 (4): 357-361.

Fadeel, A. A. (1962). Location and properties of chloroplast and pigment
determination in roots. Physiol Plant, 15: 130-147.

Fageria N. K. (1990). Response of wheat to phosphorus fertilization on an oxisol.
Pesquisa Agropecuaria Brasileira, 25(4): 531-537.

Gianquinto G.; Abu-Rayyan A.; Tola L. D.; Piccotino D. and Pezzarossa B.
(2000). Interactions effects of phosphorus and zinc on photosynthesis, growth
and yield of dwarf bean grown in two environments. Plant and Soil, 220: 219-
228.



J. Product. & Dev., 12(1), 2007 327

Hagras A. M. (1985). Response of wheat to nitrogen, phosphorus and potassium
fertilization. Annals of Agric. Sci., Moshtohor, 23(2): 1023-1035

Jaggi R. C. and Minhas R. S. (1990). Phosphorus fertilization of wheat in relation to
its status in Typic Ustochrept of Kullu valley of Himachal Pradesh. Annals of
Agric. Res., 11(2): 127-131.

Jiao Y.; Grant C. A. and Bailey L. D. (2004). Effects of phosphorus and zinc
fertilizer on cadmium uptake and distribution in flax and durum wheat. J. of
the Sci. of Food and Agric., 84 (8): 777-785.

John M. K. (1970). Colorimetric determination of phosphorus in soils and plant
materials with ascorbic acid. Soil Sci., 109: 214-220.

Kolar J. S. and Grewal H. S. (1989). Phosphorus management of a rice-wheat
cropping system. Fertilizer Res., 20 (1): 27-32.

Loneragan J. F. and Webb M. J. (1993). Interactions between zinc and other
nutrients affecting the growth of plants. In "Zinc in Soils and Plants". (Ed. AD
Robson)pp 119-133. (Kluwer Acad. Publ.: Dordrecht, The Netherlands).

Loneragan J. F.; Grove T. S.; Robson A. D. and Snowball K. (1979). Phosphorus
toxicity as a factor in zinc- phosphorus interactions in plants. Soil Sci. Soc.
Am. J., 43: 966-972.

Marschner H. (1995). Mineral nutrition of higher plants. London, Academic Press.

Nataraja T. H; Halepyati A. S; Desai, B. K. and Pujari B. T. (2006).. Response of
wheat to zinc and iron fertilization under varying levels of phosphorus.
Karnataka J. of Agric. Sci., 19 (1): 1-4.

Prasad R. and Power J. F. (1997) Soil fertilizer management for sustainable
agriculture. C. R. C. Press. LLC.

Radford P. J. (1967). Growth analysis formulae, their use and abuse. Crop Sci., 7:
171-175.

Razvi M. R.; Halepyati A. S.; Kopalkar B.G. and Pujari B. T. (2005). Influence of
graded levels of fertilizers application on physiological parameters of wheat
under irrigation. Karnataka J. of Agric. Sci., 18(1): 127-129.

Sarhan S. H. (2004). Effect of zinc and ascorbic acid foliar application under soil
application of nitrogen and phosphorus fertilization on growth, yield and some
nutrient content of wheat. J. Product. and Dev., 9: 149-155.

Singh M. V. and Singh S. B. (1989). Effect of phosphorus fertilisation on the yield
and absorption of nitrogen and zinc by rice and wheat grown in semi-
reclaimed alkali soil. Oryza, 26 (2): 151-155.

Steel, G. D.; J. H. Torrie and D. A. Diskedy (1997). Principles and Procedures of
Statistics: A Biometrical Approach. 3" ed. Mc Graw-Hill, New York.

Takkar P. N. and C. D. Walker (1993). The distribution and correction of zinc
deficiency. In "Zinc in Soils and Plants". (Ed. AD Robson) pp. 151-165.
(Kluwer Acad. Publ.: Dordrecht, The Netherlands).

Tanaka D. L. and Aase J. K. (1989). Influence of topsoil removal and fertilizer
application on spring wheat yields. Soil Sci. Society of Am. J., 53(1): 228-232.


http://www.ingentaconnect.com/content/jws/jsfa
http://www.ingentaconnect.com/content/jws/jsfa

328 M. ABD ALLA KOTB

Trostle, C. L.; Bloom P. R. and Allan D. L. (2001). HEDTA- Nitrilotriacetic acid
chelator- buffered nutrient solution for zinc deficiency evaluation in rice. Soil
Sci. Am. J., 64: 385-390.

Verma T. S. and Minhas R. S. (1987) Zinc and phosphorus interaction in a wheat-
maize cropping system. Nutrient Cycling in Agroecosystems, 13 (1): 77-86.

Yadav G. L. (1991) Effect of irrigation regimes, nitrogen and zinc fertilization on
consumptive use and water use efficiency of late sown wheat in vertisols.
Annals of Agric. Res., 12 (4): 394-397.

Yaduvanshi N. P. S. (1995) Effect of different levels and sources of zinc on wheat in
different soils. Current Agric., 19 (1/2): 39-42.

Joaaag gai Ao lijl g )shudl) (p Slaill 5 jaUal ddlad) <l i) Caadas
ooty Laa ) YU £ il )

e kb A ae Al
& .o.z-Ahelan¥l- (sl 3L dralade ) ) 31 K- Jualadll aud

(o B A8 ) Aalaey alliall Ailaias - Sleainl) Apaa dle ) (il lilia Gl a3 Cu sl
EVamay @iy Hsindll Cavcal Yoo T/Yoe0 Yo 0/Y o amge SN Sl ) saudll (e ol gina
Jand o s il (pe Lagoaliaial o laill 5 508 e JIE5 28 31 5 Lagiiay Sl 5l Al 5o auaily dalise
Al 5l o3 b Gl 5 semnall G ) Liag) a5 38 Ly el o 5ol Aiy ) sdadl (pe Lagllai
S osma o OBl sd anS £0 ¥ 510 ) sl e iV ane AT AR A i ) Cings
Gl (01l 3 iy 58 anS VT VY A 5E) @l (e ¥ ame day ) e (V) o srndlSI) i by gas
OSas .18 e el i (3 gnll s 1Y) (A L3l g ) sh sl I 38 5 e s J sl sall
s b WS Lgle Janiall il aal (el

Slal (5 sima Cppand () lad/els ) iy € aa€ VY ddlial ) lad/oly 58 anS Yo dilial (sl
S A Gl gl Jseanas dn IV (5 CSI 5585 Jial) Jae la s (1 5Y) Aalus
OSUs ciliall o3 e ygina |5 laa/e)y s anS £0 0 Hius sil) dpanitll Jana 53031 (S5 al g Cpams 5l
S (A @Y sl iy B sY) ) shsh Ga IS S iz pall aall () daa s (5 512 s Duaa
: e sall

SN G S5V sl 6 sima (o Lysine |5l lad/els ) il S aaS VT ALY (Sl
dn GV sy ASH oIS g Jfial) Jama lea s (31591 dalase Jilal (g sine (aiti] (gal (ST
S A poallaall (A duas ) s sl e 315V 5 i suall (5 sime SISy il 5 sl J saanas
‘ s sall

Al 3 jalls dhaadeli jll 5 ) shasdll (e 323 3 ALY o) () G paindl o Jelail) R0 5003
sl 5 31 Y (A ) eaiad) Glaa Gl 38 53 S 5 J seanall ) sail) Cliia i siee Lali ) (525
Ot il Cpa A0 giall LWL AL ol LA s3a 8D (S s

DimBysa e G/l 8 anS T ae i) iy S aaS VY Allal Gl A pall o2 pasi
Jyanay sai Ao L5 paial) cp dlzail) 3 jalls Julal JLaY) 380 gl ga (salaV) o guullSl) i 8
3yl (3laliall 5 Jralaall apaal bl jall (a3 all ) 2lisd 5 oaal SV 028 Jie 8 g ) sl
Liayl alaia ¥Vl Cimy LS5 g paainll (53 (e dpaliall CHlilialy) apaal ) saudll g ol 31 (e La) gina 8
ol a3 ad LYy saill o Al 3ol el Calial) Lol



