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ABSTRACT

A field experiment was conducted at the research farm of Sher-e-Bangla Agricultural
University, Dhaka, Bangladesh during the rabi season of 2006-07 1o study the
response of maize to phosphorus and sulphur fertilization. The experimental soil was
silty clay loam and the pH was 4.8. The experiment was laid out in a Randomized
Complete Block Design (RCBD) with 3 (three) replications of each treatment. There
were 16 treatments. The treatments consisted of 4 (four) levels of P (0, 35, 50 and 65
kg P/ha) designated as Py, Pis, Psg and Pgs respectively and 4 (four) levels of § (0, 25,
40 and 55 kg S/ha) designated as Sy, Szs, Sy and Sss, respectively. TSP and Gypsum
were used as the sources of phosphorus and sulphur, respectively. Phosphorus and
sulphur fertilizers were applied according to fertilizer recommendation of BARL
There was a positive impact of P and S and their interaction on growth, vield and
yield attributes of maize. Application of 50 kg P/ha resulted tallest plant, highest
number of cobs/plant, maximum cob length, maximum grains/cob, highest
circumference of cob, highest grain and stover yield, N and S uptake by plant and
available P in post harvest soil. Highest values in respect of plant height, cobs/plant,
cob length, grains/cob, circumference of cob, grain yield. stover yield, shelling
percentage, N content in maize plant, N, K and S uptake by maize plant, organic
carbon and available P in post harvest soil were obtained with 40 kg $/ha. Combined
application of P and S had significant effect on plant height, number of cobs/plant,
cob length, grain/cob, circumference of cob, 1000-grain weight, grain yield, stover
yield, N, P, K and S content in maize plant, N, P, K and S uptake by maize plant,
organic carbon and total N in post harvest soil. Phosphorus @ 50 kgtha with sulphur
(@ 40 kg/ha gave the highest plant height, number of cobs/plant, cob length, grain/cob,
circumference of cob. 1000-grain weight, grain yield, stover yield and S uptake by
maize plant. Therefore, application of 50 kg P along with 40 kg S/ha and
recommended other nutrients is the most suitable treatment combination for the
efficient production of maize in the soils of the Modhupur Tract. Application of
phosphorus and sulphur at their higher levels of combination showed antagonistic
effects on both the concentrations and uptake of phosphorus and sulphur and on the

concentration of potassium in maize plant.
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Chapter 1
INTRODUCTION

Sy

Maize (Zea maize 1. is one of the most important cereal crops of the world and
hence 1t may be acceptable as a third cereal crop in Bangladesh for its higher
productivity. Maize is a multi-purpose crop. Every part of the plant and 1ts
products are used in one form or other. As food, it can be consumed directly as
green cob, roasted cob or popped gram. Its grain can be used for human
consumption in various ways. such as, com meal, fried grain and flour. Its arain
has high nutritive value containing 66.2% starch, 11.1% protein, 7.12% oil and
1.5% minerals. Moreover, it contains 90 mg carotene, 1.8 mg niacm, 0.8 mg
thiamine and 0.1 mg riboflavin per 100 g grams (Chowdhury and Islam., 1993),
Maize o1l 1s used as the best quality edible 01l The by-product of the oil extraction
15 valued as hivestock feed. Green parts of the plant and grain are used as livestock
and poultry feed. Sheaths of cobs are used to make paper of improved quality
cigarettes. Stover, dry leaves, coverings of cobs and shelled cobs are used as good
fuel (Ahmed, 1994) Maize has a great utility in industrial purpose for the
production of pop com syrup, soft drink, juice, beer, chewing gum, candy. chips,
com flakes and starch. Maize starch 15 also used as raw martial in the chemical
industry, plant varnish, artificial rubber, soap and bakery. Maize has starch-rich
endosperm and fat-rich embryo. Nutritionally it can be compared with rice and
wheat. Maize is the staple carbohydrate food in many American, African and
Asian countries. In 1999, world cereal crop production was highest as maize
followed by wheat and nice, their average yields were 4.39, 2.63 and 3.75 t'ha,
respectively (FAO, 1999). About 45% of the total would maize Crop 1 4rown in
the United States. Other important maize growing countries are Chma, Brazil,

Mexico, India and Thailand




In Bangladesh. the cultivation of maize has been gaining popularity in recent
years. It is now becoming an important cereal crop for its higher productivity and
diversified uses (Islam and Kaul, 1986). It covers about 2429 hectares of land
producing 2000 tons of grams annually (BBS, 1999) Maize crop has been
included as a major enterprise in the crop diversification and intensive croppmg

programmes (Kaul and Rahman, 1983)

Moderate temperature of 24°C to 30°C and about 800 mm of well distributed
ramnfall are conducive to good growth of maize (Thakur, 1980). The agroclimatic
condition of Bangladesh is favorable for its cultivation round the year. Pest and
disease infestations are comparatively less in maize than in other cereals. Maize
may offer a partial solution to the food shortage of Bangladesh if its present yield
level and total production can be further raised. Maize can contribute significantly
in this respect because of its higher productivity per unit area than wheat or rice.
The problem of low grain yield of maize in our country may be associated with
declining productivity of high to medmm lands under continuous intensive
croppmg, low soil fertility thus declining at rapid rate. This problem may be
overcomed by judicious application of fertilizers, especially with phosphorus and

sulphur,

Phosphorus nutrition 1s a major consideration for increasing gramn yield and
quality of maize Phosphorus should be applied in such a way that would
maximize its utilization for gran production. It appears that there is a need to find
out a fertihzer management system using a combination of sulphur with

phosphorus fertihizer. for better utilization of the latter.

Recently sulphur deficiency has been found to be widespread in soils of
Bangladesh. Intensive use of higher analysis fertilizers like urea, TSP and MP,

high yielding varieties (HYV), higher cropping intensity without any
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replenishment and limited use of organic manures are the most probable reasons
for sulphur deficiency. Sulphur deficiencies affect not only yield of crop but also
protemn quahty through its effects on the synthesis of certain amino acids. cystine
and methiomne as well as plant hormones and vitamins. It is reported that
significant responses of maize to S, generally in the range of 12 to 20% yield
increase [Allen (1976) in Western Kenya. Grant and Rowell (1976) in Zim babwe,
and Kang and Osiname (1976) in Nigeria].

Recently farmers of Bangladesh are advised to use gypsum along with TSP for
higher yield, But research on examining the best combination of phosphorus and
sulphur for higher maize yield 1s still meager, Therefore, an attempt was made
with the objective to identify the suitable doses of phosphorus and sulphur in order
to achieve both quantitative and qualitative improvement of maize production. The
average yield of maize in the country is not satisfactory. It is rather low compared
with leading maize growing countries of the world. The national average vield 1s
only 1.06 t/ha, whereas, the newly released varieties have the potential to produce
more than 11 tha (BBS, 2005)

Considering the above facts the present investigation has been undertaken with the
following objectives:
® to study the individual effects of phosphorus and sulphur on the yield of
maize.
® to study the combined effect of phosphorus and sulphur for maximizing the
vield of maize.
* to determine the appropriate doses of phosphorus and sulphur fertilizer for

maximizing the vield of maize.
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Chapter 2
REVIEW OF LITERATURE

2.1 Response of maize to phosphorus fertilization

Dhakshinamoorthy and Rani Perumal (2001) conducted a field experiment n

—

Tamil Nadu, India to evaluate the effects of different P sources viz. single

superphosphate (SSP), rock phosphate (RP). RP + coirpith compost {(CPC) and
diammonium phosphate (DAP), with P,Os rates (30, 60, 90 and 120 kg/ha), on
fimger mullet (first crop), maize (second crop) and black gram (third crop). Finger
millet and maize were fertilized with phosphatic fertilizers while black gram was
not to study the direct effect of fertilizers on finger millet, cumulative effect on
maize and residual effect on black gram. Phosphorus fertilization enhanced grain
and straw vields of the three crops. Water soluble sources like DAP and SSP was
more advantageous m terms of crop vield and vield attributes than water insoluble
sources (RP alone or in combination with CPC) However, the residual effect of

RP + CPC was supernior over that of other treatments.

“Awan and Abbasi (2000) studied the mteractive effect of phosphorus (P) and

copper (Cu) on maize growth in pots. P at 0. 25, 50 mg/kg and Cu at 0, 2.5, 5
mg/kg were applied i all possible combinations to a sandy loam soil. Five plants
of maize in each pot were grown to tasseling stage which received N and K at 75
and 50 mg/kg, respectively. Fresh and dry weights of maize fodder increased upon
P and Cu applications but decreased at higher treatment combinations N
concentration increased with Cu application whereas, P concentration was
decreased. P application increased P concentration but decreased Cu concentration
in maize plants, leading to the conclusion that an interaction between P and Cu in

sotl occurs affecting the production of maize fodder significantly



& Prado et al. (2001) studied the effects and doses of phosphor

mamntenance of fertilizer application on a maize crop in a dark red latosol in
Triangulo Mineiro, Uberaba (Minas Gerais, Brazil). from October 1995 to April
1996. The treatments consisted of the following applications of triple
superphosphate: broadeasting, single furrow and double furrow and the following
doses of 0, 45.0, 67.5, 90.0, 112.5 and 135.0 kg ha”' of P.0s. Doses of P were
estimated based on 0, 0.50, 0.75, 1.00, 1.25, 1.50 times the dose recommended for
maintenance fertilizer application, 90 kg ha™ of P,Ox. It was found that the use of
mereasing P doses increased maize grain yield, the phosphorus fertilizer
applications in single furrows and double furrows were more efficient than
broadcasting; double furrow application was the most outstanding mode of
application; foliar P content varied from2.1t0 24,21 to 27 and from2 1 t0 29 g
kg™, respectively. for broadcasting, single furrows and double furrows. Maize
vield increased from 0.45 to 3.04 t ha” for single furrows and from 0.21 to 4.4 t
ha for double furrows.

Reichbuch (1987) examined the effects of 0-200 kg N (to potatoes, sugarbeet and
maize) and 0-160 kg N (to winter wheat) + 0-160 kg P,Os + 0 or 100 kg K.O/ha

on soil pH and soluble P, K, Al and Fe contents of a chemozem soil at Suceava in
1968-84. Soil acidity increased with long term N applications alone or with low P
rates which had a negative effect on sugar beet root and maize grain yields. Potato
tuber yields mcreased with increase m N rate only, 20 kg N/ha were the optimum
economical rate. Winter wheat grain yields ranged from 3,02 t/ha with 80 kg P.O
to 4.95 t with 120 kg N + 160 kg P-0Os: 80 kg N + 40 kg P,Os/ha were the most
economical rate. The highest sugar beet root yields were achieved with 100-150
kg N + 120-160 kg P,Os /ha. The most efficient NP rates for maize were 100-120
kg N + 120-160 kg P,O<'ha.



Barreto and Serpa (1988) conducted field trials at Poco Verde, Sergipe, Brazil in
1979, with maize cv. Centralmex and Phaseolus vilgaris cv. IPA-74119 grown in
pure stands at 50 000 and 200 000 plants/ha or intercropped in a | row maize (25
000 plants): 3 rows P. vulgaris (150 000 plants/ha) arrangement. P was apphed at
0-300 kg P20 /ha as superphosphate. Intercropped P. vulgaris vields with 0, 100,
200 and 300 kg P20s were 29, 40, 44 and 47% of pure stand yields, respectively;
comesponding intercropped maize yields were 56, 87, 85 and 67% of pure stand
yields. Land equivalent ratios of the mtercrops were 0.85, 1,27, 1.29 and 1.14 with
0, 100, 200 and 300 kg P,0s, respectively. Maize showed a linear response to P in
pure stands and a quadratic response when mtercropped. . vulgaris Tesponse was
similar in both systems. Plant P concentrations of both crops was similar in both

systems.

- Sharma et al. (2002) conducted field experiments during 1998-99 and 1999-2000

at Udawpur, Rajasthan, India to study the residual effect of weed management and
P applied to the preceding Indian mustard crop on the content and uptake of N and
P by the succeeding fodder maize cv. G-2 crop and its weeds. The treatments
applied to the preceding Indian mustard crop comprised 6 weed management
practices (weedy control, hand weeding at 30 days after sowing, pre-plant
mcorporation of fluchloralin at 1.0 kg/ha, pendimethalin applied at 0.75 kg/ha,
alachlor applied at 1.5 kg/ha and pre-emergence application of oxyfluorfen at
0.125 kg/ha) and 4 levels of P (0, 20, 40 and 60 P.Os/ha). There was no significant
residual effect of different weed management practices on N and P uptake and
concentration in weeds or the fodder maize crop, except for the increase in P and
N uptake recorded during the second year. P applied to the precedmg Indian
mustard crop significantly increased the P content as well as N and P uptake by

the succeeding fodder maize crop and its associated weeds during both years.



& Tagwira (1995) carried out greenhouse and field experiments to assess the effect
of lime and phosphate application on growth. vield. and phosphorus and zine
uptake by maize grown on the two major agricultural soils of Zimbabwe. Liming
improved yield where pH was below 4.8 (0.01 N CaCl,) but there was generally
no yield benefit in liming the soil beyond pH 5.0. In greenhouse experiments,
applications of 120 and 240 kg/ha P.Os increased vield very significantly. In the
field experiment, results were variable. Yield response to zinc application was
observed in fields which were limed or received 240 kg/ha P,0s. Liming increased
phosphate availability and concentration in maize plants. Both ime and phosphate

applications reduced concentration of zinc in maize plants.

# Sharma and Sharma (1991) added nitrogen (0, 30, 60 and 20 kg/ha) and
phosphorus (0, 20, 40 and 60 kg P,Os/ha) fertilizers to maize cv. Vuay crops

planted in Jharnapani, Nagaland. India, in an attempt to control infection by
Lxserohilum turcicum [Setosphaeria turcica). At harvest. grain yield significantly
increased with P levels up to 40 keg/ha followed by a decline at higher levels. The
optimum combination for highest grain yield and maximum disease control was
90 kg/ha N and 40 kg/ha P,Os. 1t is concluded that a balanced dose of N and P is

required for low disease incidence and optimum grain yield.

wpr Diang et al. (2006) conducted a 20-year field experiment to (1) assess the effect of

inorganic and organic nutrient sources on yield and yield trends of both winter
wheat and maize; (2) monitor the changes in soil organic matter content under
continuous wheat-maize croppmg with different soil fertihty management
schemes; and (3) identify reasons for yield trends observed in Xuzhou City,
Jiangsu Province, China. There were eight treatments applied to both wheat and
maize: a control treatment (C); three inorganic fertilizers, that 18, nitrogen (N),
nitrogen and phosphorus (NP), and nitrogen, phosphorus and potassium (NPK),

and addition of farmyard manure (FYM) to these four treatments, that 15, M, MN,

7



MNP, and MNPK. At the end of the experiment the MN, MNP, and MNPK
treatments had the highest yields, approximately 7 tonnes wheat ha” and 7.5
tonnes maize ha”, with each approximately 1 ton ha’ more than the NPK
treatments. Over 20 years with FYM, soil organic matter increased by 80%
compared to only 10% with NPK, which explained yield increases. However. from
an environmental and agronomic perspective, manure application was not a
superior strategy to NPK fertilizers. If manure was to be applied, it would be best

applied to the wheat crop, which showed a better response than maize.

y~ Arvind and Kanthaliva (2004) conducted a field experiment during 1997 to 2001-
02 on Typic Ustochrept (Inceptisols) of Udaipur ( Rajasthan) under the aegis of All

India Coordinated Research Project on long-term fertilizer experniments with
different fertilizer combinations following maize (Zea mays)-wheat ({riticum
aestivum) cropping system. Soil test based 100% optimum dose of N, P,Os and
K10 (90:30:15) for maize and wheat showed significantly higher grain and straw
or stover yields than unfertilized, 100% N, 100% NP and FYM at 20 tones ha'
Maize and wheat exhibited maximum yields by applying 100% NPK + FYM 10
tones ha and statistical equivalence of 150% NPK. The lack of potassium n the
fertilizer apphication schedule did not have any deleterious effect on yield, while
the lack of both phosphorus and potassium, remarkably decreased the yield of
crop. Like nitrogen, even phosphorus application also started to decrease crop
vields from 4th cropping cyele. However, application of FYM along with NPK

sustamed crop vield and nutrient status of the soil

Akmrinde et al. (2005) conducted mvestigation to evaluate the relative agronomic
efficiency (RAE), phosphorus recovery (PR) and added bencfits (AB) of
combining organo-mineral (OM) fertilizer with Ogun rock phosphate, ORP
(31.0% P20;), Sokoto rock phosphate, SRP (36.0% P.0:) or single super

phosphate, SSP (18% P.0s) using maize (Zea mays) and watermelon (Citrullus

8



lanarus) as test crops on a medium acid Oxic Paleustalf and a weakly acid Typic
Paleudalf. The soils were cropped two times after mixing with OM and/or ORP.
SRP and SSP to supply P at 0, 50 and 100 mg kg™ Results showed that combined
application of OM with SRP led to the highest biomass production of 2.24 g pot’
of maize and 0.79 g pot™ of watermelon, with tangible (positive) AB values (0,02
and 0.07, respectively) on the Oxic Paleustalf. The RAE of OM with respect to
maize shoot biomass was higher (184.21%) on the Oxic Paleustalf compared with
Typic Paleudalf (82.12%). For watermelon, SRP and OM+SRP produced the
highest RAE of 115 5% and 127.27% on medium acid Oxie Paleustalf and weakly
acid Typic Paleudalf, respectively The magnitude of fertilizer P recoverable
through the harvest of the crops was generally low (2.2-12.4%) but significantly
(P<0.05) higher (about 10.0%) through maize production than through watermelon
production (about 2.0%). The work further confirms that any of the fertilizers
tested could be used as substitute for SSP while significant benefit could acerue
from the application of combimed OM and phosphate fertilizers to maize and

watermelon when grown on either of the two soil types..

& Kale er al. (2005) conducted a study i Maharashtra, India, during 1993-94 to
determine the effects of nitrogen and phosphorus on the growth and yield of
sunflower (cv. Morden) and their residual effect on maize (cv. African tall).
Treatments comprised: an untreated control (T)); urea + single superphosphate
(SSP) at 75% of the recommended NPK dose (RDF. 60:30:30 kg/ha) (T2), urea +
SSP at 100% RDF (Ts): urea nitric phosphate (19:19:0) at 75% recommended dose
of N and P (T,); urea nitric phosphate (19:19:0) at 100% recommended dose of N
and P (Ts); urea mitric phosphate (27:9:0) at 75% recommended dose of N and P
(Ts); urea mtric phosphate (27:9:0) at 100% recommended dose of N and P (T4):
and ammonium nitro phosphate at 100% recommended dose of N and P (Ty). The
decreasing trend observed for grain yield was T3> T T3> Te>T,>T>T>T,. The

decreasing trend observed for stover yield was TTe=T:=>T>T=Te=T>T,. Seed

9



protein content was highest in Ts (15.75%). T» recorded the highest N (91,10
mg/plant), P (39.40 mg/plant) and K uptake (152.10 mg/plant). Ts had the highest
soil available N (170.1 kg/ha) and P (9.44 kg/ha), while T had the highest soil
available K (212.0 kg/ha). The amount of dry matter was highest in Ts, There was
margmnal increase in soil available P (14.51 kg/ha) and K (211.0 ke/ha) n Ts and
Ty, respectively, than the rest of the treatments. No residual effect of N was

observed due to application of N and P sources.

Liu er al. (2005) stated quantitative estimation of fertilizer requirements can help
to merease maize (Zea mays) yields and improve the fertilizer use efficiency. The
meodel for the Quantitative Evaluation of the Fertility of Tropical Soils (QUEFTS)
was calibrated for maize by use of soil fertility data and fertilizer trials at different
sites of the Huang Huai Hai river plain in China. The QUEFTS model accounts for
interactions between nitrogen (N), phosphorus (P) and potassium (K). It describes
the effects of soil characteristics on maize yields in four steps: (1) assessment of
the potential supply of N, P and K based on soil chemical data; (2) calculation of
the actual uptake of N, P and K_ in function of the potential supply as determined
mn step 1; (3) draft the vield ranges as a function of the actual uptake of N, P and K
as determined in step 2; and (4) calculation of the maize yield based on the three
yield ranges established in step 3. Data of field experiments with different
fertilizer treatments in various regions in China during 1985-95 were used to
calibrate the QUEFTS model for summer maize. In step 1 the N, P and K
recovered from their amount applied were described by new equations. The
minimum and maximum accumulated N, P and K (kg grain kg”') in summer maize
were determmed as (21-64), (126-384) and (20-90), respectively. The simulated
vields were in good agreement with the observed ones. It is concluded that the
calibrated and adjusted QUEFTS model could be useful in mproving fertilizer

recommendations for maize i the Huang Huai Hai plain of China,



& Khan et al. (2005) conducted field experiment in Multan, Pakistan, to study the
effects of different levels of phosphorus (0, 25, 50, 75 and 100 kg P:Os ha™') on 2
maize cultivars (Hybrid N-6240 and Hybnid 6622) grown under saline conditions.
Plant height, number of cobs per plant, number of grain rows per cob, number of
grains per cob, grain weight per cob, 1000-grain weight, and stalk and grain yields
significantly increased with phosphorus application. Plants supphed with 75 kg
P,Os ha' were superior m terms of grain weight per cob, number of garams per
cob, cob weight and 1000-grain weight. The greatest plant height and number of
cobs per plant were obtained with 100 kg P»O: ha”. whereas the highest number of
gram rows per cob was recorded 50 kg P,Os ha™, The phosphorus level had no
significant effect on harvest index, probably due to the better ability of heavy
plants (producing greater biomass) to produce higher economic yields under saline
conditions, The effects of genotype and genotype x phosphorus interaction were
not significant for all the characters. Phosphorus at 75 kg P,0: ha™ appeared to be

optimum for maize grown under saline conditions,

« Akande e/ al. (2005) evaluated the effect of rock phosphate (Sokoto and Ogun
rock phosphates) amended with poultry manure on soil available phosphate (P)
and yield of maize and cowpea grown sequentially for four cropping seasons, The
results obtained showed superionty of single super phosphate (S5P) application
over either Sokoto or Ogun rock phosphates. However, complementary
application of the Sokoto and Ogun rock phosphates with poultry manure
increased maize plant height by 12, 6, 19 and 8%, respectively. Also, percent
phosphorus contents in maize and cowpea leaf tissues increased respectively by 33
and 22, and 22 and 25% in 2000, and by 25 and 6, and 16 and 18%. respectively in
2001. Maize grain yield was increased by 33 and 26, and 18 and 25%.
respectively, while that of cowpea was increased by 25 and 32, and 49 and 38% in
2000 and 2001, respectively when compared with application of rock phosphate

alone. Single super phosphate treated soil had the highest residual P values in all
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the three sampling periods. The effectiveness of rock phosphate as a P sources for
crop production was remarkably enhanced by solubilizing effect of poultry
manure. Its low rate (2  ha™') in combination with rock phosphate gave almos!

similar effects like higher rates (3 and 4 t ha™) of applications.

Kruczek (2005) evaluated on the basis of a 4-year (2000-2003) study conducted in
Swadzim, Poznan, Poland, the effects of maize on fertilizer application method on
the content of mineral components and the utilization of phosphorus from fertilizer
were evaluated. Two methods of fertilizer application were used: by broadeasting
and by fertihzer application mn rows. The effect on the content of mineral
components was studied by increasing the fertilizer application doses from 174 to
56.7 kg P ha' and by the apphication of superphosphate and ammonium
phosphate. Experiments were carried out on a parabraunerde soil type, It was
found that fertilizer application in rows combined with seed sowing increases the
content of phosphorus and nitrogen and raises the percentage of phosphorus
utilizatton from fertilizer in comparison with the fertilizer application by
broadeasting n the initial stage of development. Ammonium phosphate exerted a
better influence on the uptake of phosphorus and nitrogen by plants and on the

percentage of phosphorus uptake in comparison with superphosphate.

Zhang et al. (2005) studied phosphorus nutrient characteristics of 5 different maize
inbred lines to low-P stress at stages of seedling, steming, earing, silking under pot
culture. In the periods of seedling and steming, P uptake efficiency was the main
contributor to P tolerance, and the relative P content in P-tolerant genotypes,
99180 and 99239 were higher than that in sensitive genotype, 99152, At earing
stage, P-tolerant genotypes, compared to P-sensitive ones, had higher
accumulation of P in upper leaves. When came to the silking stage, P uptake and
redistribution efficiency of P-tolerant genotypes were higher than those in 99152,

The results also suggested that there are different mechanisms of P nutrient uptake
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and distribution in different P-tolerant genotypes. Inbred line 99239, according to
the investigation, was considered as an efficient stock in the P-uptake while 99180

fallen to the efficient stock of P redistribution.

Araujo er al. (2004) determined the affects of triple superphosphate, magnesium
thermophosphate, Arad reactive rock phosphate and Araxa rock phosphate,
applied on the whole plantation area or banded in sowmng furrow at 180 kg P,O.,
on the yield and nutrition of maize in a field experiment conducted in Minas
Gerais, Brazil. Yield was higher with the application of the most soluble forms of
phosphorus viz | triple superphosphate and magnesium thermophosphate on the
whole plantation area and with reactive phosphate banded in the sowing furrow.
Triple superphosphate applied in sowing furrow decreased the yield of the crop.
Leaf analysis during the flowering stage was the most suitable for the evaluation

of P and Zn balance in the crop.

# Wang et al. (2004) grew inbred lines of maize in a field experiment and supplied
with phosphorus (P) at 2 rates (10.5 and 84 kg P;Os/ha. respectively) Low P stress
enlarged the gap between different maize genotypes in their major vield-
contributing characleﬁsticsf Classification of lines on P use-efficiency based on
yield reduction percentage under low P stress showed that high P use-efficient
genotypes had relatively low response to P application. averaging 692, while the
response to P was much higher n low P-efficient genotypes, averaging 25.60.
Correlation analysis indicaled that the vield reduction percentage showed a highly

significant positive correlation with P response,

Selassie e al. (2003) conducted field and laboratory experiments to develop
equations for estimating phosphorus fertilizer requirements of maize on Alfisols of
Northwestern Ethiopia. The field experiment on 20 sites was arranged 1In

randomized complete block design with five fertilizer rates (0, 30, 60, 90 and 150
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kg P>0s/ha) and four replications. At maturity, three central rows were harvested
and yield and yield component data were collected. Laboratory analysis of soil
samples was conducted following chemical soil analysis methods: Bray-1, Bray-2,
Olsen, Mehlich-1, anion exchange resin and extraction with 001N CaCl,,
Parameters of the quantity/intensity relationships were also determined. Reliable
methods were identified by fitting relative grain; relative dry biomass and P yields
i a double log curvilinear regression model and those availability indices giving
superior correlation were selected. Consequently, gramn yield data and phosphorus
availability mndices were fitted into the Mitscherlich-Bray model to develop
fertilizer recommendation equations. Among the methods giving quantity of
available P, Bray-2 and Olsen methods gave the most reliable indices. Moreover,
the intensity parameters in combination with the quantity parameters gave slightly
superior correlation coefficient with yield parameters compared with their
ndividual effects. The equations developed for estimating P fertilizer
requirements of maize from soil analysis were: (a) log (100-yv)=2-0.1468b-
0.007546x and (b) log (100-y)=2-0.1167b-0.007546x for Olsen and Bray-2
methods. respectively, where y was desired relative grain vield (%), b was soil P
availability index (mg kg™'); and x was P fertilizer requirement (kg ha'). The two
equations were statistically proven to provide equally reliable estimates of P

fertilizer requirement of maize on Alfisols of Northwestern Ethiopia.

Kruczek and Szule (2004) stated that as a result of row application of a fertilizer at
sowing time, a significantly higher infestation of maize (Zea mays) plants by
fusariosis than in case of broadcast fertilizer application. Using pohidap, the
infestation of maize by fusariosis increased as compared to superphosphate, As
rates of phosphorus increased from 40 to 130 kg P,O< ha™', percent mvasion by flit
fly plants gradually increased from 4.9%, in the case of rate 40 kg P,0s ha and to
6.6% when rate of 130 kg P:0s ha”' was used. Usmg polidap increased the
percentage of mvasion by flit fly as compared to superphosphate. Row fertilizer
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application at sowing time increased the percentage of plant invasion by flit fly as

compared to broadcast fertilizer application.

Li-Shae Chang e/ /. (2004) planted maize variety KHS5 with hi gh phosphorus use
efficiency (HPE) and the low efficient (LPE) variety Xi502 in sand. Pots were
supphied with P at a low rate (Pi of 25 micro mol/litre) and normal rate (Piof 2 m
mol/litre). The HPE variety exhibited higher N and K uptake efficiency in the low
P regime. Its nitrogen (N) and potassium (K) uptake and dry matter accumulation
were less affected by low P supply. With lower P rate, N and K uptake by plants
and dry matter production of the LPE variety were much lower than that of HPE,
though the LPE variety had significantly higher N and K uptake and dry matter
accumulation when grown under normal P regime. Low P supply mnduced an
increase n dry matter accumulation rate and N and K distribution in the roots. and
this trend was more striking in the LPE variety, indicating its lower tolerance to

low P stress.

Thind ef al. (2003) carried out a screenhouse study to evaluate the relative
efficiency of five methods viz., Olsen, Bray, Morgan, Double acid and CaCl, for
determining P availability to winter maize (Zea mays cv. Partap). Twenty nine
alluvial soils from Ludhiana, Punjab. India, varying in available P status were used
to grow the crop for 60 days with P applied at 10, 20, 30 and 40 mg/kg soil
Phosphorus extracted with Olsen's method (0.5 M NaHCO;, pH 8.5) showed the
highest correlation with crop dry matter yield (=0.72*). A value of 5.5 mg P/kg
soil determined with this method was found to be the critical deficiency level

below which maize may respond to P application

Kumaresan ¢f @/. (2003) conducted a field experiment during 1997-98 and 1998-
99 1n Tamil Nadu, India, to determine the phosphorus (P) balance in a maize-

sunflower-cowpea fodder cropping system. P sources used in the main plots were
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Mussoorie rock phosphate (MRP) + microbial inoculants, MRP alone, smgle
superphosphate (SSP) + microbial inoculants and SSP alone, while in subplots, 50,
75 and 100% recommended level of P-Os were used The P,0s uptake was higher
in the treatment with SSP + microbial inoculants followed by SSP alone. The
recommended level of P,0< when applied for all the crops in the system increased
the P,Os uptake which was attributed to increase soil available P.0O:. The P-0-

application also showed a theoretical positive balance.

Simonete e/ al. (2003) studied the effect of sewage sludge on the chemical
properties of a Red-Yellow Pozolic soil (Ultisol), and on nutrient accumulation
and dry matter yield of maize plants. The experiment was carried out in a
greenhouse, in a completely randomized design and treatments were arranged in a
6x2x2 factorial. Soil (3 kg) inside pots was treated with 0, 10, 20, 30, 40 and 50
tones ha™ (dry-basis) of sludge. Thirty days after incubation, soil samples were
taken for analysis, complementation with P (0 and 100 Mg ha™) and K (0 and 100
Mg ha™) was done and five maize plants were grown in each pot for 50 days. The
application of sewage sludge increased organic matter, P, K, Ca, Mg, S, Al and
H*Al and reduced the pH. The accumulation of nutrients and dry matter yield
were higher with sewage sludge application and increased with the application of

K, but not with the application of phosphorus.

Shiluli e al. (2003) conducted experiments in farmers' fields in 2 locations
(Lihanda and Jina) in western Kenya from 1994 to 1996 to determine the
agronomic and economic benefits of applying nitrogen (N) and phosphorus (P) to
maize. The soils were well-drained sandy clay loams of moderate to high fertility.
Treatments compnsed four N levels (0, 30, 60 and 90 kg/ha, applied as urea)
combined with three P levels (0, 40 and 80 kgha, applied as triple
superphosphate). Statistical analyses of yield data revealed that N application
consistently affected grain yield significantly at both locations. P had a si gnificant
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effect on yield once at each location. There was significant N x P imteraction
effects once at each location. Analvsis across sites showed that N and interactions
were statistically significant. The statistically significant treatments were subjected
to economic analysis using the partial budget procedure to determine the N- P
rates that would give acceptable returns at low risk to farmers. Economic analysis
on the mteraction across location showed that two N:P combinations. i.e. 300 and
60:40 kg/ha, were economically supenior and stable within a price variability range
of 20%..

Alexandrova and Donov (2003) conducted a field expennment on leached
Smolnitza soil during 1982-1987 at Sredec, Stara Zagora region, Pakistan, to study
the response of two maize hybrids (300 and 700 FAO) to five levels of nitrogen (0,
302, 242, 182, 121 kg N ha") and phosphorus (0, 65, 52, 39, 26 kg P ha™"), Plant
samples were evaluated for dry biomass and total nitrogen content at 14 days after
germination. The uptake of mitrogen was evaluated based on these parameters.
During the vegetative period, some meteorological parameters that influence
maize growth, and N content and uptake were measured daily (at 7.00, 14.00 and
21.00 h). Regression equations describing the relationship between temperature
sum, precipitation sum, and saturation deficit sum and nitrogen uptake for each
nitrogen and phosphorus fertilizer mate were determined. The effects of
meteorological conditions on the uptake of nitrogen were influenced more by the

fertilizer level than by the hybnids.

Jibrin e al. (2002) opined that phosphorus deficiency is the major constraint to
maize (Zea mays) production in acidic soil of Heipang in Northem Guinea
Savanna of Nigena The soil is high in sesquioxides and soluble aluminium and
has high phosphate sorption capacity. To address this problem, a ficld trial was
conducted between 1996-97 to assess the responses of six tropical cover crops

(Glycine max, Chamaccrista rotundifolia, Lablab purpureus, Mucuna pruriens,
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Phaseolus vulgaris and Cajanus cajan) and maize to lime and applied rock
phosphate and to evaluate the effect of these treatments on the performance and P
nutrition of succeeding maize. Results of the trial showed that planting
Chamaecrista rotundifolia, Lablab purpureus, Mucuna pruriens, and maize-C
rotundifolia intercrop reduced the leaf Al concentration of succeeding maize by
more than 38%. Although none of the six cover crops significantly increased grain
yields of succeeding maize, C. rotundifolia was the most consistent in IMproving
maize performance while Glycine max produced the least performance.
Concentration of Mn in the index leaves of maize was significantly higher on plots
where G. max preceded maize, thus accounting for the poor performance of maize
on these plots. Application of Sokoto phosphate rock at 30 kg ha™ to cover CTOPS
preduced very significant improvement in the yields of succeeding maize. While
liming with 135 t CaO ha' in 1997 increased the soil pH value by 0.2 and
significantly improved total P uptake by maize.

Purushotham et al. (2002) conducted a study in Tiptur, Kamataka, India, to
nvestigate the response of fodder maize to different levels of NPK (100, 75 and
50% recommended dose of fertilizer (RDF)) and sulfur (0, 20, 40 and 60 kg
sulfur/ha) under irmgation during late rabi seasons of 1994 and 1995, Most growth
parameters, except leaf area and green fodder yield, were not sigmficantly
nfluenced by the different fertility levels and sulfur nutrition. The leaf area was
significantly increased (11.1%) at 40 kg S/ha. It is suggested that the fertility level
of 50% RDF - 75:37.5:25 kg NPK/ha 1s the optimum for fodder maize in late rabi

season under trrigation.

Manoj-Kumar and Singh (2003) conducted a field experiment during the ramy
season (kharif) of 2000 at SASRD. Medziphema, under ranfed condition of
Nagaland, India to study the effect of nitrogen and phosphorus levels on yield and

nutrient uptake of maize (Z. mays) cv. Vijay. The treatments comprised four
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nitrogen levels (Ny. Nsg, Nygo and Nysg) and three phosphorus levels (Pg, Py and
Py). The stover and gramn yield increased sigmficantly with the increasing level of
nitrogen and phosphorus. The highest stover and gram yields were 64.92 and 30.0
@/ha, respectively, with the highest level of nitrogen and phosphorus (N5, and Pg)
combination. Interaction among different rates of nitrogen and phosphorus did not
show any significant effect on stover and grain yields. The nitrogen and
phosphorus uptake by gram and straw increased significantly upto 150 and 80
kg/ha, respectively, The highest N uptake was 52,89 and 33.76 kg/ha in grain and
straw, respectively. The highest phosphorus uptake by grain was 12,68 kg/ha and
straw 20.77 kg/ha with Nys; and Py combination. The highest K uptake by straw
and grain was 9.89 and 80.94 kg/ha, respectively, and it increased with increasing

levels of nitrogen and phosphorus.

Singh er al. (2002) studied the growth responses of maize genotypes, 1.e.. VLOO
and VL16 of low and VL89 and HIM129 of relatively high P requirements, to
moculation with a native consortium of arbuscular mycorrhizal (AM) studied in a
sandy loam soil fertilized with single superphosphate (SSP) to provide 0 (Py), 60
(Py), 90 (P5) and 120 (P3) mg P kg™ soil. AM colonization significantly increased
vegetative plant growth afier 45 days at P, and P, levels for genolype VL90 and
VL16, at P; and P, levels for VL89 and Py, P, and P, levels in HIM129, Except for
VL89, a growth depression in roots and shoots of AM plants was observed at
either Pa or Py levels. This was most pronounced m VL0 and VL16. In contrast,
in non-mycorrhizal plants no growth depression was observed; genotype VL90 at
P; was an exception. Root and shoot P, and shoot Zn concentrations were
significantly higher in AM compared with non-mycorrhizal plants, at various P
levels. However, the pattern of phosphorus and zinc uptake in mycorrhizal and
non-mycorrhizal shoots was genotype specific. Alkaline phosphatase (ALPase)
activity of mycorrhizal and non-mycorrhizal roots was variable with respect to

genotype and soil P level. In mycorrhizal roots ALPase activity was significantly
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higher at Py and Py levels in VL0, Py, P, P; level in VL16, P; and Py levels n
VL89 and at all P levels in genotvpe HIM 129,

Stanchev (2001) investigated the effect of phosphorus and zine fertilization on the
accumulation of btomass of the maize hybrids P3978 (FAQ31 0), Kneja 430 (FAO
430) and 4708 (FAO 6350) grown monoculture and the removal of phosphorus with
over ground povet of maize in a feld fertilized trail without irri gation on
calcarcous chermnozem in North-East Bulgaria. It was found that the contents of
phosphorus increased and the biomass decreased from the high rates of P
fertilization. The dry matter of maize hybnds increased. but the P contents
decreased from the zmc fertilizer more clearly expressed for vegetative mass
compared to the effect of maize. The formation of biomass 15 in direct dependence
with the level of phosphorus and the applied zinc fertiizing as well as with the
meteorological conditions during the vegetation of the maize hybrids. The hybrid

3978 (FAO310) was formed 10.3-16.6 t/ha biomass m the over ground part of
the plants and removed 44 8-60.1 kg/ha P,O< and hybrid 4708 (FAO680) was
formed 7.7-19.68 t/ha biomass and 19.2-82.6 kg/ha P;0s removed with it. It was
found that the hybrid P3978 consumed 7.0-15.4 kg P.Os, Kneja 430-7.4-16 .4 ke,
and H708-55-16.7 kg per 1 t of gramn and vegetative mass. With the aid of derived
regression equations the removal of phosphorus along with the vields of organic
mass of maize hybnd in Northwest Bulearia. Values are suggested for the
consumption of P, which may be applied in determined fertilization rates for

yields of maize hybrids,

Leach and Hameleers (2001 ) grew forage maize (Zea mays) in areas where spring
temperatures are low and accumulated heat 1s imited will be restricted in terms of
maturity and thus nutritional value. A stagnant growth phase is commonly caused
by low temperatures between germination and the five-leal stage, which could be

caused by reduced mineral availability, The effects on maize plant development
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and harvest characteristics of supplying phosphorus and zine to young plants in a
foliar spray were investigated. Three different application dates. between the four-
leaf and the seven-leaf stage. were compared. Applying the phosphorus and zinc
foliar spray at the four-leaf stage resulted in a significant (P<0.05) increase in
starch content at harvest. Cob index (proportion of plant dry matter (DM) in the
cob) was increased (P<0.05) by applying the nutrient spray at the four-, five- and
seven-leafl stages. However, there was no effect on DM yield, suggesting some

alteration in partitioning within the plant

Sankhyan et al. (2001) conducted a study in an Alfisol at Palampur, Himachal
Pradesh, India, during 1994 and 1995, to determine the effect of mulching with an
organic waste from wild sage (Lantana camara), farmyard manure (FYM) and
phosphorus on soil moisture and productivity of maize, Results showed that there
was no significant effect of phosphorus levels on soil moisture content at 0-15. 15-
30 and 30-45 ecm depth in both years. Application of Lantana mulch improved the
sotl moisture content. Application of FYM increased the soil moisture content at
0-15 and 15-30 cm depths at flowering in 1994 and 1995 but there was no
significant effect at 30-45 cm depth. There was a significant and consistent
mcrease n the productivity of maize at each level of phosphorus over control
during years. Lantana mulch increased dry matter production and grain and stover
yields. The dry matter productivity and grain and stover yields recorded a
significant increase with the application of 10 t FYM per ha over no FYM
application. Interaction effect mvolving FYM and mulch on soil moisture at 0-15
and 15-30 ¢cm depths was found significant in 1995, whereas, in the other depths

and year, no significant effect was observed in the treatment

Ortas ef al. (2001) investigated the effects of selected mycorthizal inoculates on
growth, zinc (Zn), and phosphorus (P) uptake of maize and green pepper in a Zn-

and P-deficient calcareous soil from the Central Anatolia, Turkey. The soil was
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sterthzed by autoclaving and plants were grown for 7 weeks in pots under
greenhouse conditions with mmoculation of two selected arbuscular mycorrhizal
(AM) species (G. mosseae and G. etunicatum) at three rates of P (0,25 and 125
mg P kg™ soil) and two rates of Zn (O and 5 mg Zn kg™ soil). Without mycorrhizal
inoculation, shoot and root dry matter production were severely affected by P and
Zn deficiencies, and supply of adequate amounts of P and Zn significantly
enhanced plant growth. When the soil was inoculated with mycorrhizal inoculates,
the positive effects of P and Zn fertilization on plant growth remained less
pronounced. In agreement with growth data, mycorrhizae inoculation enhanced P
and Zn concentration of plants, especially under low supply of P and Zn. The
results indicate that maize and green pepper [Capsicum sp.] are highly
mycorrhizal-dependent plant species under both low P and Zn supply and
mycorrhizae play an essential role in P and Zn nutrition of plants in P and Zn

deficient soils

Hussaini ¢f al (2001) carried out a field study from 1996 to 1998 at the Sudan
Savanna region of Nigeria to evaluate the effects of four levels of nitrogen (0, 60,
120 and 180 kg N/ha), three irrigation regimes based on irigation
water:cumulative pan evaporation ratios (IW:CPE) of 0.6, 0.8 and 1.0, and three
phosphorus levels (0, 20 and 40 kg P/ha) on the growth and development of maize.
Nitrogen fertilization significantly enhanced the growth of maize in terms of total
dry matter, plant height, growth rate and leaf area mdex, while the effect of P was
not so pronounced. Increasing frequency of irrigation resulted to a positive
response m the growth and development of maize, with IW:CPE ratio of 1.0

outperforming the other irrigation levels.

Patel et al. (2000) conducted a field experiment to study the response of
phosphorus (P) level on the growth and yield of maize in Guyarat, India, during the
kharif seasons of 1995-97. Treatments comprised: 4 P levels (0, 20, 40 and 60
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kg/ha). The highest plant height (161 cm) and dry matter production (3680 ke/ha)
were observed upon treatment with 60 kg P/ha. The highest number of cobs per
hectare (69 167) and test weight (195 g) were recorded upon treatment with 60 kg
P/ha, which were at par with those obtained upon the 40 kg P/ha treatment. The
highest net return (Rs. 9772/ha) was obtained upon treatment with 60 kg P/ha with
a cost benefit ratio of 1:2.58, followed by treatment with 40 kg P/ha which
recorded Rs. 8942/ha net return and 1:2.55 cost benefit ratio. Treatment with 60 kg
P/ha recorded the highest vield (2453 kg/ha).

Nziguheba ef al. (2002) conducted a field experiment on a P-fixing Acrisol in
westemn Kenya to study the possibilities of replenishing soil P with seasonal
additions of small rates of P fertilizers. Triple superphosphate was applied at 0, 10,
25, 50 and 150 kg P ha™' for 5 consecutive maize growing seasons followed by 4
seasons of residual crops. Maize yields and soil P fractions were determined.
Although maize responded to additions of 10 kg P ha™ with a cumulative grain
yield of 16.8 t ha™', at the end of the experiment, compared to 8.8 t ha™ in the non-
P fertilized plots, soil labile P did not increase correspondingly. Seasonal additions
of 150 kg P ha' increased maize yields to a cumulative value of 39 t ha™ at the
end of the experiment. and increased all soil inorganic P fractions. At the third
season of residual phase, treatment with a cumulative addition of 750 kg P ha
gave the highest yields compared to treatments in the same residual stage. but
these yields were considered less than the maximum yield of the season. This
indicates that the large build up of soil P was not available for crop uptake. The
morganic P fraction extracted by NaHCO; was the most affected by changes in
management, increasing during the input phase and decreasing after mterruption
of P addition, for all P rates. The decrease m this pool during the residual phase
could be explained by the maize uptake This study showed that seasonal additions

of 25 kg P ha™ can increase maize yield with gradual replenishment of soi1l P.

e z
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Lmg-Fan and Silberbush (2001) conducted an experiment to determine the
efficiency of different forms of nitrogen-phosphorus-potassium (NPK) fertilizers
applied to maize (Zea mays), either to the soil or to the leaves. Two sweet comn
plants (cv. Jubilee) were grown in plastic bags with 10.5 kg silt loam desert soil
(Typic Haplocalcid). Before planting, the soil was mixed with zero (control), half
or full dose of 06 g N, 0.4 g P. and 0.3 g K per pot as mineral forms, or as the
"Global-Green" {GG) fohar fertilizer. Three forms of foliar fertilization were
applied once a weck in equivalent concentrations of N, P, and K (0.12g N, 0.08 g
P, and 0.06 g K'J}.‘ Mineral forms (NPK), GG, and "Fertilizers & Chemicals" foliar
fertilizers; plain water acted as the control The plants were harvested after 55
days. The roots were washed from the soil and length measured. The shoots were
measured for leaf area, fresh and dry weight, and leaf contents of ch lorophyll, N,
P, and K. All indices increased in response to all forms of foliar fertilization (FF),

but no significant difference was obtained between the different forms Global-
Green was less effective as a soil fertilizer (SF) than NPK_ The effectiveness of FF
appeared to be limited by the holding capacity of leaf surface area for the liquid
fertilizer. It was concluded that FF may partially compensate for insufficient

uptake by the roots, but requires sufficient leaf area to become effective.

2.2 Response of maize to sulphur fertilization

Khan et al. (2006) conducted a field experiment to assess the effect of different
levels of sulfur (S) on yield and yield components of maize crop grown on silt
loam soils at the Agriculture Research Station Baffa, district Mansehra. The soil
contained 1.17% organic matter, 10% CaCOs, and 39 mg SO,-S ke Sulfur was
applied at 0, 20, 40, 60, 80, 100, and 120 kg ha' as gypsum along with 120 kg N,
90 kg P,0s, and 60 kg K»O ha™ replicated thrice in RCB design. Soil samples at
silking and harvesting stage from each treatment plot along with leaf samples were
collected for the determination of 8. Yield and yield components of maize were

significantly (p<0.05) enhanced with the application of S compared with control
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Sulfur at 60 kg ha” produced the highest yield of fresh matter, dry matter, stover,
1000-grain and tofal grain, resulting in increases of 41, 55. 58. 5, and 43Y%,
respectively. Application of S above 60 kg S ha” reduced yield and yield
components, suggesting a classical yield response curve. The analysis of soil
samples at silking and harvesting stage from each treatment plot revealed that soil
S04-5 concentration increased significantly by S application reaching the level of
108.4 and 99.7 mg kg, respectively, with 120 kg S ha™ Sulfur concentration of
leaves was significantly increased with the application of S compared with the
control. Application of sulfur at 60 kg ha™ produced leaf S concentrations of
0.46%, which is less than the eritical level of 0.5%, whereas higher treatments
increased S concentration ranging from 0.67 to 0.94%, which exceeded the value
considered as high (0.5%) and excessive (0.8%). Elevated tissue sulfaie
concentrations mduced by treatments greater than 60 kg ha corroborate with the
corresponding vield decreases of maize. Maize growers of the area may add S up

to 60 kg ha” to obtain maximum vield.

Mehta ez al. (2005) conducted a field experiment during the ramy (kharif) seasons
of 1999 and 2000, on clay loam soil, in Udaipur, Rajasthan, India. to study the
effects of sulfur (0, 30 and 60 kg/ha), phosphorus (20, 40 and 60 ko/ha) and
farmyard manure (FYM) (0 and 10 t/ha) on the productivity of maize. Data were
recorded for cobs per plant. rows per cob, cob weight, grain weight per cob,
shelling percentage, seed index, seed and stover vields, and N, P, S and Fe uptake.
All parameters increased with increasing levels of sulfur, phosphorus and FYM.
However, no significant differences were observed between the two higher rates of

phospherus.

Fonseca er al. (2005) carried out an experiment to study the effects of maize to
imigation with secondary-treated sewage effluent (STSE) on soil pH, electrical

conductivity (EC), and on the available soil concentrations of calcium (Ca),
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magnesium (Mg), potassium (K), sodium (Na), aluminium (Al), sulfur (S), boron
(B), and of heavy metals and to investigate the plant element accumulation, except
for Al. The treatments consisted of mineral fertilization and irrigation with the
STSE. After 58 days, maize plants were harvested. and soil and plant were
analysed. The STSE effectively reduced the mineral nitrogen fertilizer soil-
acidifying effect, induced increases in the EC, and in the base saturation, and did
not significantly alter the available concentrations of S, B, and heavy metals. The
STSE wrigation did not affect the shoot S, B, copper (Cu), won (Fe), and
manganese (Mn) contents n plants properly fertilized, but it induced a decrease in
shoot zinc (Zn) content. Sodium was the most affected element by the STSE

mrigation,

Cui et al. {2004) conducted a pot experiment to study the influence of elemental
sulfur (S) on solubility of soil Pb, Zn and Cd and uptake by mawze (Zea mays L),
Two rates of elemental sulfur (S) applied at 0 (Sy) and 200 (Sy,) mmol kg soil
with three rates of each heavy metal at Pb, 0 (Pby). 200 (Pbang). 400 (Pbyy) mg ke
" soil, Zn, 0 (Zny), 100 (Znp), 200 (Zny) mg ke soil and Cd, 0 (Cdy), 50 (Cdsy),
100 (Cdyw) mg kg’ soil, respectively. The result showed that with S apphcation at
200 mmol 8 kg™, soil pH decreased about 0.3 units and the solubility of the Zn
and Cd was significantly increased, but the solubility of Pb had no significant
influence. The concentration of Pb. Zn and Cd in maize shoots and roots were
increased with increasing rates of heavy metals. However, the concentration of Zn
and Cd m shoots and roots were higher with application of S rather than without S
but no significant difference was found for Pb. The highest concentration of Zn in
the shoots was 2.3 times higher with application of S rather than without at the
same rate of Zn, 200 mg kg-1. Plant biomass was also significantly affected bv the
apphcation of S and of heavy metals. With heavy metal addition, the shoot and
root biomass were decreased with the rates of those of heavy metals increased

either with or withont application of S. However, the shoot biomass was
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significantly decreased with S application at the same rate of heavy metals except
that with Zn addition. The removal of Cd and Pb by maize uptake and
accumulation with application of S had no significant increase compared to that
without, but the removal of Zn by maize uptake from the soil increased bv
application of S, 90.9 micro g plant” contrasts to 25 7 micro g plant” at Zn 200

within a growth period of only 40 days.

Pandey et al. (2002) studied the effects of sulfur (0, 10, 20, and 30 mg/kg soil) on
dry matter yicld and plant nutrition in maize (hybrid Deccan 103) grown in pots
contaimnmng sotl types (25 soil types categorized as Inceptisol, Alfisol, Mollisol, and
Vertisol) of various physicochemical properties and available sulfur content.
which were collected from India (Uttar Pradesh, Bihar, Madhya Pradesh. Andhra
Pradesh. Kamataka, New Delhi. and Haryana). Sulfur application up to 20 mg'kg
significantly increased dry matter yvield, sulfur content, and sulfur uptake In
general, the response to applied sulfur was greater in soils with low content of
available sulfur (<10 mg/ke soil) than in soils with high content of available sulfur

(=10 mg/kg).

Majumdar et al (2002) conducted a field experiment i Umiam. Meghalaya,
India. for two consecutive vears (1999-2000) with 3 levels of N (0, 50 and 100
kgtha). 2 levels of S (0 and 20 kg/ha), and 2 levels of pig manure (O and 5 t/ha),
The increasing levels of N. S and pig manure were found to increase the vield,
nitrogen and sulfur uptake and crude protem content of maize and residual
mustard crop significantly. The oil content of mustard decreased with N
application but increased with S and pig manure application. The post harvest
contents of available S, N and inorganic, N-fractions in soil significantly inereased
with N, S and pig manure application. The interaction effects of mtrogen and
sulfur and mitrogen and pig manure significantly influenced the yields and nutrient

uptake of both maize and mustard crops. Nitrogen use efficiency estimated as
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agronomic efficiency. physiological efficiency and also apparent N recovery were
found to be higher at 50 kg N in comparison to 100 kg N/ha for both the crops.
Apphcation of 100 kg N, 20 kg S+5 t pig manure/ha was found suitable to get

maximum grain yields and better quality for both the Crops

Sankaran er al. (2002) carried out an mvestigation to study the available S status
of some soils of Coimbatore district, Tami Nadu, India, and to evaluate the direct
and residual effect of S application on maize-green gram croppmg system. Sulfur
deficiency was greater in red soils (Udic Haplustalf) than m alluvial soils
(Fluventic Haplustalf). A positive correlation was observed between available S
and organic carbon. Results of field experiments conducted in two locations
showed that maize responded to direct application of S up to 45 kg ha” as judged
by increased yield of grain and straw, S uptake and available S status. A residual
effect of S on succeeding green gram was also observed. Based on S use
efficiency and value cost ratio, 30 kg S ha”' was found to be optimum for the

maize-green gram cropping system.

Dhananjaya and Basavaraj (2002) conducted a field experiment m Dharwad.
Kamataka, India, during the summer season of 1997-98 m an Alfisol to study the
effect of different levels of sulfur application on transformation and uptake by
maize ¢v. 'Deccon-103". Sulfur was applied at four levels viz., 0, 15, 30 and 45
kg/ha through single superphosphate. Results showed that maize decreased the
contents of soil sulfur fractions originally present in soil compared to 0 kg Stha,
However the values of different fractions of sulfur in soil increased with increased
level of sulfur. A close relationship existed between different fractions of sulfur
and plant uptake of S and crop yield. Organic § content had a significant positive
relation with total water soluble S and available sulfur. The grain and stover yields

of maize increased significantly with the application of S at 15. 30 or 45 kg S/ha.
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N, P. and S uptake increased due to the application of sulfur. The N- S and P: S

ratio decreased significantly due 1o S application.

Patel ef al. (2002) has been reported, the deficiency of S in Gujarat soils to the
extent of 40%. As the deficiencies are mostly observed in middle Cuyarat and
Saurashtra regions, a delineation programme under TSIFAI/IFA sponsored
project was carried out in selected representative blocks of these regions. In all
237, 210 and 240 surface soil samples were collected from Dhan, Lunawada and
Devgadhbaria blocks, respectively. The overall mean of S was 192,133 and 15.2
ppm for corresponding sites. Field experiments were conducted on farmer's ficlds
for groundnut-wheat sequence on clay loam caleareous (Lythic Ustorthents) soils
m Amreli district (Saurashtra region) at Dhargani: and on sandy loam (Fluventic:
Ustochrepts) soils at Dhesia in Panchmahal district; maize and gram in sequence
on silty loam (Fluventic Ustochrepts) soil at Dudhia in Dahod district (Middle
Gujarat) n order to study the crop response to applied sulfur ( S) under different
levels to the first crop and its residual effects on succeeding crop. The soils were
deficient to marginal m S status and pH was in alkaline range at Dhargani &
Dhesia while it was nearly neutral at Dudhia. The results of field experiments
mdicated that the S application increased the yields of groundnut at both the sites
and of maize at Dudhia. At Dhargani, maximum yield of groundnut due to S
application was found under the medium level i e. 30 kg/ha, while at Dhesia the
maximum yield was recorded under maximum (i.e. 45 kg S/ha) level of S
application; but this improvement was at par with medium level of S application
(30 kg/ha). The residual effect of S applied to the first crop at both the sites was
found significantly superior m increasing wheat grain and straw yields The
pattern of increase in yield was reflected in the utilization of S also. The overall
results indicated that the S application @ 30 kg/ha was beneficial and
economically superior over other levels as well. Thus, the results revealed the

importance of § in balanced fertilization for higher crop yields.
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Liu er al. (2002) conducted a field experiment with maize cv. DR3112 in 1995 in
the experimental farm of Shandong Agricultural University, China. Sulfur
fertilizer (as base fertilizer) was applied at 0 (control), 36,3 (S,) and 413 .85 kgtha
(Sz) in the (NH,4),SO, form. Sulfur application (SA) mncreased grain vield, cob
length, rows/cob and kemels/cob significantly, but had no obvious effects on
1000-kernel weight. Absorption amounts in single plant of N, P, K, Mn, Zn and
Mg ranked as S, >S5, >control. The pH values at the soil layers (SLs) of 0-20, 21-
40, and 41-60 cm decreased significantly in the SA treatments The pH value at
each SL ranked in control >S, >S,. Total N and available K contents at the SL of
0-60 em and available P content at 0-20 e¢m increased in SA treatments, but
available P content at 21-40 cm showed insignificant change and a trend at 41-60

cm for a significant increase.

Liu er @l (2001) found i a field test in 1995, sulfur applications of 363 and
413.85 kg/ha resulted in maize vields of 106395 and 11322 kg/ha, respectively.
These yields were 8.73 and 15.71% higher than control plots, respectively. Sulfur
apphceation increased ear length, rows/ear, grains/row and grams/ear, but not grain
weight. Dry matter, leaf area assimilation (NAR), uptake of N, P, K. Mn, and Zn,
as well as Fe, Mn. and Zn levels i leaves increased with increasing level of sulfur

application,

Ramirez ef al. (1999) m greenhouse experiments studied the effects of ammonium
thiosulphate (ATS) on maize dry matter and nitrogen (N) and sulfur (S) uptake in
a sodic soil. In a first experiment. ATS was mixed with the soil at S rates of 0, 30,
50, 70 and 100 mg/kg soil. In a second experiment, ATS was band-applied to the
soil at rates of 0, 140, 270 and 400 mg/kg soil. In both experiments, dry matter
yields were significantly increased with the increment of the ATS dose apphied to
the soil. Banded ATS produced higher maize dry matter. N and S uptake than ATS

mixed with the soil.
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Gordon ¢f al. (1992) conducted two trials in 1990 in the zone of Azuero (Panama)
to observe the response of maize to the residual effect of sulfur (CaSO4, gypsum)
under two application methods. In 1989, sulfur was broadcasted at rates of 0, 20,
40 and 80 kg/ha or handspiked at rates of 0. 20 and 40 kg/ha. During the second
cycle (1990), only 100 kg N/ha was applied to the plots to determine the residual
effect of the treatments. There was a lineal response for the two aypsum
application methods in the first cycle, but there was no interaction among these
two independent variables. The fact that one of the highest vields was obtained
with 20 kg S/ha shows that a low rate of this element is enough to have significant
responses. The residual effect of sulfur application (1990) was highly significant,
resulting in yield increments ranging from 0483 to 1.682 tha. The economic
analysis of the two cycles (1989-90) showed that the sulfur application was

profitable with respect to 0 rates, given the low cost of the agricultural gypsum.

Singh and Chhibba (1991) reported that maize (Zea muays) and wheat (Friticum
aestivum) grown under greenhouse conditions on a S-deficient Typic
Ustipsamment responded significantly to S applied through ammonium sulfate,
superphosphate, gypsum, elemental S and pyrites irrespective of the carriers. For
maize, ammonium sulfate, superphosphate, gypsum and elemental S proved
equally efficient. For wheat on the other hand, ammonium sulfur was the most
efficient, Superphosphate and gypsum were significantly better than elemental S

and pyrite.

Sachdev and Deb (1990) found in trials in 1986-88 with 2 cycles of a Brassica
Juncea [Vigna aureus [V. radiata]/maize rotation, B. juncea was given 0, 30 or 60
kg N and 0, 20 or 40 kg S/ha using "N- and *S-labelled fertilizers. Effects of the
treaiments on N and S uptake and utilization in the cropping sequence were
studied. Both N and S showed a synergistic effect on DM vield and N and S

uptake m B. juncea The utilization of fertilizer N and S was 53-69 and 20-39%.
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respectively, in B, juncea. Application of 20 kg S increased the seed oil content
from 38.2-38.5% with no S to 39.3-39.5% and oil vield by 10.6% (76 kg/ha).

Uptake of residual fertilizer N and S was on ly 1-3% in V. radiata and maize

2.3 Response of maize to the combined application of P and S:

Setia and Sharma (2005) found that the available, water soluble and heat soluble
sulfur (S) contents over a profile depth of up to 120 em were determined in a long-
term experiment which was continuously cropped with maize [Zea mays]-wheat
[{riticum aestivum)] sequence at the Pun jab Agricultural University Farm in
Ludhiana (Punjab, India). The minimum amount of S was found in water soluble
form. All the forms of S decreased with mcreasing soil depth but this effect was
more noticeable up to 45-60 cm soil depth. The mcreasing level of N, P and K
affected depth-wise distribution of S. The content of all the forms of § increased
with application of 40 kg P,0s ha-1 but the trend reversed with the apphication of
80 kg P05 ha™, irrespective of N levels. Application of 40 kg K5O ha' at all the
levels of N and P resulted in a decline in all the forms of S. The accumulation of
sulfur was lower in the NPK treated plots than N- and NP-treated plots. The
amount of water soluble S in lower soil depth was found to be very low
Regression equations were used to predict S uptake by wheat using 8 status in
different soil layers as independent variables. Multiple regression analysis
mndicated that the coefficient of determination (Rz) value between S uptake and
available S improved significantly when 1ts status up to 60-90 cm soil depth was
included. Heat and water soluble S contributed si gnificantly towards S uptake by
wheat when accumulation of forms of S in the soil profile up to depth of 60-90 ¢m

included in the regression analysis.

Yadav and Souza (1992) conducted a pot experiment in a greenhouse, maize was
given equivalent to 0, 60 or 120 kg P.O</ha as ammonium polyphosphate (APP) or
diammonium orthophosphate (DAP) and 0, 5 or 10 kg Zn/ha as zine sulphate and

i2



0. 10 or 20 kg Fe as iron sulphate. After maize harvest. blackgram (Phaseolus
mungo [Vigna mungo]) was sown in the same pots, P, Zn and Fe applications (and
their residual effects) increased plant DM and uptakes of the 3 elements in both
species. Interaction between P source and Zn and Fe was either slight (maize) or

inconsistent (blackgram),

Debreczeni and Berecz (2000) reported that the nutrient responses of eight
different maize hybrids differing in the duration of the growth period (FAO 200-
430) were studied in field fertilizer trials conducted in four different agro-
ecological regions of Hungary Four treatments were applied: (1) minimum NPK
dose, (2) NPK dose corresponding to the nutrient requirements of maize, (3) NPK
dose exceeding the nutrient requirements of maize, (4) farmyard manure (FYM).
The NPK contents of the grains were measured in addition to the graimn yields. In
most cases, nutrient supply exceeding the demand of the maize plants did not
result in significantly higher grain, nitrogen, phosphorus or potassium yields at
any of the sites. Compared with the minimum mineral fertilizer dose, FYM did not
result i higher grain, nitrogen. phosphorus or potassium yields; i fact, these
parameters were sigmficantly lower in some cases. Considerable site and cultivar

differences could be detected in the experimental parameters.

Dilip-Singh and Singh (2000) conducted an experiment at Udaipur during the
summer and ramy seasons of 1995-96 to study the response of groundnut (Arachis
hypogaea) and succeeding maize (Zea mays) to sulphur and phosphorus
fertilization The pooled data revealed that summer groundnut fertilized with 60 kg
S/ha gave significantly higher pod yield (2.84 tha), grain yield (2.74 t'ha) of
succeeding maize crop and net returns (Rs 41 400) over 30 and 0 kg Siha
Similarly, phosphorus application up to 50 kg/ha recorded significantly higher
yield (2.84 t/ha) and net retumns (Rs 41 600/ha) over no P apphication. But its

residual effect did not influence production of succeeding maize crop.

33



lena et al. (2004) conducted a field experiment in Kandhamal district (Orissa,
India) durng kharif 1997 and rabi 1997-98 with maize-mustard cropping
sequence grown on moderately acidic sandy loam soil (Typic Haplaquept) to
evaluate the efficiency of Jhamarkota phosphate rock (JPR) compacted with
monoammonium phosphate (MAP), MAP+Sulfur (S) and single superphosphate
(SSP) along with granular MAP and granular SSP. The highest grain and stover
yields of maize were recorded in granular MAP treatment closely followed by
compacted fertilizer treatments. However. in the mustard crop, MAP+S and SSP
were compacted sources out yielded water soluble P sources. Considering both the
crops in sequence, MAP+S and SSP compacted P sources were found to give
higher crop yields and better agronomic efficiency compared to other P sources,
Both compacted and water soluble P sources significant] y influenced the P. S and
Ca uptake by crops over lone phosphate rock sources. The apparent phosphorus
recovery from granular MAP was highest followed by granular SSP and
compacted P sources with SSP, MAP+S and MAP.

Alvarez ¢t al. (1987) reported that effects of 0 and 100 kg kg N/ha applied as
KNO; at the 4-leaf state were studied on maize cv. Dekalb 4F 34. N treatment had
no effect on shoot total S and P contents. Between the end of pollination and the
final harvest there was an increase in mature grain S content in N-treated plants
equivalent to 44% more than that in controls. The increased demand for S during
grain development was apparently provided by remobilization of sugar from the
leaves. The N: S ratios in mature shoots were 16.0 and 114 for N-treated and
control plants; respectively. P distribution was similar to that of S N treatment had
no effect on total biomass accumulation, The N: P ratios in mature shoots were 4.9

and 3.3 in treated and control plants, respectively.

lopez ef al. (1991) reported that response of maize (Zea mays) to PHS (a

biofertilizer obtamed by the fusion of rock phosphate with elemental S followed
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by noculation with Thiobacillus), layer 2 Monte Fresco rock phosphate (MF,),
and MF. + S (added in the same proportion as in PHS) was evaluated in the
greenhouse agamst triple superphosphate (TS). Response was in the tollowing
order: TS > MF, > MF, + 8 > PHS. Yields increased linearly with increasing rates
of TS and MF; (100 to 400 ppm P). but there were no significant differences
between the S fertilizers at the higher rates.

Ramirez (1980) stated that step-wise multiple regression was used to analyse data
from 28 experiments in Venezuela in which the leaf opposite and below the ear of
maize was harvested at silking from plants given 0-150 kg N, 0-100 ke PO« and
0-100 kg K,O/ha. Linear and positive effects were found for N, P, Ca and Mg
concentrations. Optimum levels of various elements in leaves were calculated and
standard values for a yield of 7 t/ha. Optimum and standard levels were 2.6 and
3.5%, respectively for N, 0.2 and 0.4% for P, 0.25 and 0.50% for Ca. 1.3 and 2 0%
for K and 0.25 and 0.5% for Mg

Talukder and Islam (1982) reported that during the kharif (monsoon) season of
1981 at 4 sites in Bangladesh, maize was grown with 0- 120 kg P.Os and 0-50 kg
S plus basal applications of 160 kg N + 60 kg K,O/ha. Grain yield increased with
mcreasing P and S rates at all sites from 0.68-2.89 t/ha and with no fertilizer to

3.71-5.79 tha with the highest rates of P and S.

Pierre ef al. (1990) reported that in a field trial at Luperon in 1984-89, the effects
of 40 kg N/ha, 0, 12, 20 and 40 kg P/ha and 0 and 43 kg S/ha on yields of maize
cv. Frances Large under no tillage and conventional tillage systems were
evaluated. Limited N supply affected the response to P and S under no tillage.
Both P and S increased maize yields and root and stalk loading. Sulphur
volatilization due to buming in conventional tillage was important as the S

response under no tillage was minimal.
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Raun and Barreto (1991) reported that maize grain yields were increased by P and
3 1n both the residual and treated cycles. In the treated cycles, yields when no P
was applied were 4.95, 5.75 and 5.95 t/ha, at 0, 57 and 114 kg S/ha, respectively;
when 22 kg P/ha was applied with 100 kg N/ha, vields were 5.38, 6.38 and 5.48
t/ha at the same S rates. Over the 4-cycle, yields were highest with 100, 22 and 57
kg/ha of N, P and S, respectively.

Sinha ef al (1995) conducted a field experiment at Dholi, Bihar on P and S
deficient calciorthent (12.8 kg S/ha and 15.6 kg P>O/ha) during the winter season
of maize cv. Lakshmi was given 0-80 kg S/ha as ammonium sulphate and 0-120 kg
P20s/ha as tniple super phosphate. Application of P or S (except at the highest
rates) increased chlorophyll content in foliage, which was maximized when both
elements were applied together. Grain and stover vields also increased with P and
S apphcations. The highest grain yield of 7.64 t'ha was obtained with 60 kg P.Os
+40kg S.
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Chapter 3
MATERIALS AND METHODS

The present piece of research work was carried out at Sher-e-Bangla Agricultural
University Farm, Dhaka during the rabi season of 2006-2007 to study the response
of maize to phosphorus and sulphur fertilization. Details of the materials and

methodology are presented in this chapter

Description of the experimental site
3.1 Location
The experimental field is located at 23°77 N latitude and 90’3 E longitude with

an elevation of 1.0 meter above sea level (Fig. 1).

3.2 Soil

The soil of the experimental field belongs to the Tejgoan series of the Madhupur
Tract (Agro Ecological Zone AEZ - 28) The General Soil Type at the
experimental field 1s Deep Red Brown Terrace Soil. Topsoil is silty clay loam in
texture. Organic matter content is very low (1.34 %) and soil pH 1s 4.8 The land 1s
above flood level and well drained. The initial morphological, physical and

chemical characteristics of soil are presented in Table | and 2.

3.3 Climate

The annual precipitation of the site is 2152mm and potential evapotranspiration is
1297mm, The average maximum temperature is 30.34 "C and average minimum
temperature is 21.21°C.  The average mean temperature is 2517 "C. The
experiment was done during the rabi season Temperature during the cropping
period was ranged between 1220 "C to 29.2 °C_ The hurmdity varies from 71.52
% to 81.2 5%.
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Fig.1. Map showing the experimental sites under study
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A= Experimental plot

Fig. 2. Dhaka based map showing the experimental sites under study
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Table 1. Morphological characteristics of experimental field.

Morphological Features

l

Characteristics

Location

Sher-e Bangla Agril. University Farm, Dhaka

AEZ No. and name

AEZ-28, Modhupur Tract

General Soil Type

Deep Red Brown Terrace Soil

Soil Series Tejgaon

Topography Fairly leveled |
Depth of inundation Above flood level

Drainage condition Well drained

Land type l High land

Table 2. Physical and chemical properties of the experimental soil.

2. Soi1l texture

B. Chemical properties

Soil properties Value
A. Physical properties
1. Particle size analysis of soil.
% Sand 236
% Silt 45
% Clay 314

l. Soil pH 48

2, Organic carbon (%) 0.84

3. Orgamic matter (%) 1.34

4. Total N (%) 0.0725
5. C :Nratio 975 ¢1
6. Available P (%) 0.0029
7.Exchangeable K (me/100g soil) 0.18

8. Available S (%) 0.0014

Silty clay loam
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The day length was reduced to 10.5 - 11.0 hours only and there was a very little
rainfall from the beginning of the experiment to harvesting The monthly average
temperature, humidity, bright sunshine, solar radiation, precipitation and potential
evapotranspiration pattern of the site during the expenmental work are presented

in appendix -1,

3.4 Experimental treatments
The levels of phosphorus and sulphur used in the experimental treatments were as
follows:
A. Phosphorus levels 4 (Kg P/ ha)
1) Py=0
i) Py=35
i)} P;=350
iv) P;=65

B. Sulphur levels 4 (Kg 8/ ha)

1) S=0
i) §,=25
i) S,=40
iv) §;3=355

The treatment combinations for the experiment are given in Table 3

41



Table 3. The treatment combinations of phosphorus and sulphur fertilizers

used in the experiment

Treatments Combination of P and S
P (kg/ ha) S (kg / ha)

T (PySy) 0 0
Ta(PyS)) 0 25
T3 (P,S,) 0 40
T4(PS3) 0 55
Ts(PiS0) 35 0
Te(PS)) 35 23
T,(P,S5) 35 40
Te(P1S3) 35 55
To(P1Sy) 50 0
T (PsS1) 50 25
Ty (PaSs) 50 40
Ti2 (P3S3) 50 55
T13(P35g) 65 0
T14(P3Sy) 65 25
Ty5(P3S3) 65 40
T (P3S3) 65 55
3.5 Crop

BARI MAIZE-5, a high vielding cultivar of maize was used as test crop in the
experiment. Seeds were collected from Bangladesh Agricultural Research

Institute (BARI), Joydebpur,Gazipur.
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3.6 Design of the experiment and layout

The experiment was laid out in a Randomized Complete Block Design (RCBD)
with three replications. The whole experiment area was first divided into three
blocks. Each block was later divided into sixteen plots. The size of each unit plot
was 3m x 3m. Total number of unit plots was 48. The individual plots and the
blocks were separated for irrigation and drainage by 1.5m and 2.0m channels.

respectively. The layout of the experiment is shown in Fig.2.

3.7 Collection of initial soil sample

Initial soil samples were collected before land preparation from 0-15 cm soil
depth. The samples were drawn by means of an auger from different location
covering the whole experimental plot and mixed thoroughly to make a composite
sample. After collection of soil samples, the plant roots, leaves etc. were picked up
and removed. Then the samples were air dried and sieved through a 10-mesh sieve

and stored 1n a clean plastic container for physical and chemical analysis.

3.8 Land preparation

The experimental land was opened by power tiller driven rotovalor on 26 October,
2006. The land was prepared by repeated plowing until the soil achieved a good
tilth and was ready for sowing. Weeds and stubbles were removed and the plots
were leveled by small ladder and the experiment filed was partitioned mto umt

plots in accordance with the experimental design mentioned in the section 3 6

3.9 Fertilizer application

The required amounts of phosphorus and sulphur fertilizers were apphied as per
reatment combinations. Basal dose of N, K, Zn and B fertilizers were applied
according to the fertilizers recommendation guide (BARC, 2005). Full doses of P
(triple super phosphate) and S (gypsum) and one - third of the urea and the whole

43



Im e
3m| TR, |'™ | TR, TiwR2 TsR; TR; TiaR;
I- Lia
T0.75m
TsR, TRy TuR; TR, TsR; TsR;
TuR, TR, TR, ToR; T:R; TR,
TizR, TRy Ti:R; T:R; TiR; Ti14R;
TRy TRy TzR, TyR; T-R; TisR;
T,R, TR, TeR, TR, T.R, T:R,
TR, T:R, TiR; TizR; TiR; TsR;
|
TR, TsRy TuR; T4R; | TyR; ToR;
> 25 m —l <

Fig. 3 Layout of the experimental plot.

31.25m



required amounts of K, Zn and B fertilizers were applied at the time of final land
preparation. The remaining urea was applied in two equal splits on 30 and 60 days
after sowing (DAS),

3.10 Sowing of seeds
Seeds were sown on 27 October, 2006 in lines following the recommended line to

line distance of 75 em and plant to plant distance of 20 cm.

3.11 Gap filling
The seedlings of the crop emerged out within 6-8 DAS. Necessary gap filling was
done at 12 DAS.

3.12 Weeding and thinning
Weedmg was done three times, at 30, 45 and 70 DAS. Thinning was done after 25

DAS. One healthy plant was retamed per hills and the other plant was removed.

3.13 Earthing up
Earthing up was done by spade at 45 DAS to preveni lodging of plants.

3.14 Irrigation and drainage
The plot was 1migated two times during the growing period of crop. Irrigation was
applied first after 40 days and second after 70 DAS. Drainage was done when

necessary by using drainage channels.

3.15 Insect and diseases control
There was no major meidence of insects or diseases. So, no pest control measure
was adopted in the experiment. The experimental crop was grown with proper care

and agronomic management to ensure satisfactory erop growth and development.
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3.16 Plant protection

The damage of maize crops by jackals at booting and young cob stage was a big
problem 1n the experimental arca. Another greater problem in this locality was the
damage of mature grains at the full mature cob stage by parakeets. Therefore
necessary measures were taken to protect the crop from the probable damage by

parakeets, jackals and birds.

3.17 Sample plants marking
For collecting data on plant characters and yield and yield components, five plants

were randomly selected and marked with bamboo sticks in each plot.

3.18 Harvesting and processing

The experimental crop was harvested plot wise at full maturity on 17April 2007,
The sample plants were harvested separately for recording data on plant characters
and yield and yield components. The harvested crop of each plot was bundled
separately, tagged and taken to threshing floor. These were dried in bri ght
sunshine, shelled and the grains were cleaned properly. Grains and stovers were
sun dried thoroughly before their weights were recorded. Grain and stover yields

were then converted into t/ ha.

3.19 Collection of experimental data
Data on the following plant characters and yield and yield components were
collected from the sample plants of each plot.

(1) Plant height (¢cm)

(2) Number of cobs/plant

(3) Cob length (cm)

(4) Circumference of cob (em)

(5) Number of grains /cob

(6) Weight of 1000-grain (g)
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(7) Shelling percentage
(8) Grain yield (t'ha)
(10) Stover yield (t/ha)

3.20 Details procedures of recording of data

A brief out line of the data recording procedure is given below:

(1) Plants height at harvest (cm)
Plant height was measured from the base of the plants up to the tip of the tallest

leaf

(2) Number of cobs plants
Number of total cobs were counted from the sample plants and then averaged and

recorded.

(3) Cob length (cm)

Cob length was recorded from the basc to the apex of each cob and averaged

(4) Circumference of cob (cm)

Circumference of cob was recorded at the lower and upper ends, and the middle of

the cob and then averaged and recorded.

(5) Number of grains/cob
Total number of grains/cob from the sample plants were counted averaged and

reécorded.

(6} Weight of 1000-grain (g)
One thousand clean fried grans were counted form the seed obtained from sample

plants of each plot and weighed by using an electrical balance and recorded.
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(7) Shelling Percentage
It denotes the ratio of total grain weight/cob and total cob weight and was
calculated with the following formula:

Total grain weight/cob (g)
Shelling percentage = = 100
Total cob weight (g)

(8) Grain yield (t/ha)
Grams obtamed from each unit plot were sun-dried and weighed carefully. The
dry weight of grains of five sample plants were added to the respective plot yield

to record the final grain yield /plot (k). The grain vield was converted to ton/ha.

(9) Stover yield (t/ha)
Stover obtained from each unit plot including the stover of the sample plants of
respective unit plot were dried in sun and weighed to record the final stover yield

/plot (kg) and finally converted to ton/ha.

3.21 Chemical analysis of soil samples

Soil samples collected before starting the experiment (Initial soil samples) and
after harvest of the crop, were analyzed for both physical and chemical propertics.
The analysis was done at the Laboratory of the Department of Soil, Water and
Environment. University of Dhaka. The properties studied included soil texture,
pH. organic matter, total N. available P, exchangeable K and available S. The
physical and chemical properties of the initial soils have been presented in Table 1

and 2. The soil was analyzed following standard methods:

Particle-size analysis: Particle size analysis of soil was done by Hydrometer
method (Bouyoucos, 1926) and the textural class was determined by plotting the
value of % sand. % silt and % clay on the “Marshall' s Textural Triangular

Coordimate™.
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Soil pH: pH was measured with the help of a glass electrode pH meter using soil

water suspension of 1:2.5 ratio as described by Jackson (1962).

Organic carbon (%): Organic carbon in soil was determined by Walkley and
Black’s (1934) wet oxidation method.

C/N ratio: The C/N ratio was calculated from the percentage of organic carbon

and total N.

Soil orgamic matter (%): Soil organic matter content was calculated by
multiplying the percent value of organic carbon with the Van Bemmelen factor,
1.724 as described by Piper (1942).

% organic matter = % organic carbon % 1.724

Total nitrogen (%): Total nitrogen of soil was determined by micro Kjeldahl
method. where soil was digested with 30% -0, and conc. H2504 and catalyst
mixture (K,S0,:CuSo,.5H,0: Se powder in the ratio of 100 10:1). Nitrogen in the
digest was estimated by distillation with 40% NaOH followed by titrations of the
distillate trapped in HiBO: with 0.01 N H,SO, (Bremner and Mulvaney, 1982).

Available Phosphorus (ppm): Available P was extracted from soil by shaking
with 0.5 M NaHCO; solution of pH 8.5 (Olsen ef al. 1954) The Phosphorus in the
extract was then determined by developing blue colour using ascorbic acid
reduction of phosphomolybdate complex. The absorbance of the
molybdophosphate blue colour was measured at 660 nm wave length by
spectrophotometer and available P was calculated with the help of standard curve.

Exchangeable potassium (meq/100g scil}: Exchangeable K was determined by
IN NH,OAC (pH 7.0) extract of the soil by using flame photometer (Black, 1965)



Available sulphur (ppm): Available S in soil was determined by extracting the
so1l samples with 0.15% CaCl; solution (Page et al., 1982 ). The S content in the
extract was determined turbidimetrically and the mtensity of turbid was measured

by spectrophotometer at 420 nm wavelength

3.22 Chemical analysis of plant samples

3.22.1 Preparation of plant samples

Plant samples were collected immediately after harvest of the crop. Cobs and
plants were cleaned with distilled water and dried at first in the sun light and then
in an oven at 65'C for 48 hours. The dried samples were then ground with a
grinder. The prepared samples were then put into small paper bags and kept into a

dessicator till being used.

3.22.2 Digestion of plant samples with sulphuric acid

For N determination an amount of 0.1 g plant sample (grain/straw) was taken into
a 100 ml Kjeldahl flask. An amount of 1.1 g catalyst mixture (K2S50,: CuS0,.
SH:0: Se=100: 10: 1), 2 ml 30% H.0; and 3 ml cone. H.SO, were added into the
flask. The flask was swirled and allowed to stand for about 10 minutes: followed
by heating at 200" C. Heating was continued until the digest was clear, and
colorless. After cooling, the contents were taken into a 100 ml volumetric flask
and the volume was made with distilled water. Reagent blank was prepared in a
similar way. This digest was used for determining the nitrogen contents in plant

samples.

3.223 Digestion of plant samples with nitric-perchloric acid mixture
An amount of 0.5 g of plant sample was taken mto a dry clean 100 ml. Kjeldahl
flask and added 10 ml of di-acid mixture heated to colourless digest and taken into

100 ml volumetnc flask
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3.22.4 Determination of elements in the digest
Nitrogen, P, K and S contents in the digest were determined by similar method as

described in the soil analysis.

3.23 Statistical Analysis

The collected data were statistically analyzed by usmg the ANOVA technique.
The test of significance of all parameters was done. The Duncan's Multiple Range
Test (DMRT) with Least Significant Difference value was determined with
appropriate levels of sigmficance and the means were tabulated. The mean

comparison was carried out by DMRT technique (Gomez and Gomez, 1984).
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Chapter 4
RESULTS AND DISCUSSIONS

This chapter includes the experimental results on the effects of P and S on plant

hf_ight? cob IEgth- circumference of cob, plant weight, number of cobs/plant,
number ‘;cnf_" _grainsfmh, shelling percentage, grain yield. stover yield, nutrient
content in plant, nutrient uptake by plant and nutrient status in post harvest soil.
The results are presented in Table 4-15. Five photographs of experimental plot are
presented m Fig, 3. 4. 5, 6 and 7 and three graphs are shown in Appendix Fig. I, 11
and I11. The results are discussed characterwise under the following heads.

4.1 Effect of P and S on plant characters

4.1.1 Plant height

Individual effect of phosphorus

Plant height varied significantly with different levels of phosphorus (Table 4), The
tallest plant (213 9e¢m) was found when the crop was fertilized with 50 Kg P/ha
which was statistically identical with Pys treatments and the smallest plant

(196.3cm) was recorded with 0 kg P/ha.

Individual effect of sulphur
Plant height was not significantly different with different levels of sulphur (Table
5). However, numerically the maximum plant height (2121 ¢m) was found with

40 Kg S/ha and minimum plant height (203.2 ¢cm) was recorded with 25 Kg S/ha.

Combined effect of Pand S

The combmned effect of phosphorus and sulphur showed significant effect on plant
height (Table 6). The highest plant height (224 6em) was obtained in the treatment
combmationPs,Sy, and the lowest plant height (1 83 3cm) was recorded in the

treatment where no P and S were applied (P,S,).
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Table 4. Effect of different levels of phosphorus on the growth and yield contributing characters of maize plant.

'~ Phosphorus Plant | Cob | Cobs Gram | Circumference | 1000-Gramn Grain Stover Shelling
(kg/ha) height | length | /plant /eob of cob weight (gm) yield vield | percentage
(cm) (cm) (em) (t'ha) (t/ha)
Py | 196.3b 2133 | 1.542 | 495 8ab 17.51 278 3¢ 8,643 12.70¢ 71.86
Pys - 210.6a | 2169 | 1583 | 478 7ab ~17.60 288 2bc 9.783 |4.43bc 72.43
Psy 2139a | 2283 | 1817 | 51392 18.99 320.7a 11.52 16.50a 7286
Ps 2079ab | 2198 | 1633 | 463b 18.02 ~ 292 8ab 1041 | 15.00ab 71.69
Level of 0.01 NS NS 0.01 NS 0.01 0.01 0.01 NS
significance

~In a column figures having similar letter(s) do not differ significantly

Table 5. Effect of different levels of sulphur on the growth and yield contributing characters of maize plant.

Sulphur | Plant Cob | Cobs/ | Grain/ | Circumference | 1000- | Gram/yield | Stover Shelling |
(ke'ha) height | length | plant cob of cob Grain (t"ha) yield percentage
(cm) (cm) (cm) weight (t'ha)
al (gm) L
S 2046 | 21.69 | 1.575 | 4683 18.02 2775¢ | 9217b [ 13.39b 72.44
S 2032 | 21.68 | 1,592 | 4802 | 17.60 2941 b 9523b | 1431ab | 7082
Sw | 2121 | 2267 | 1.800 | 5143 | 18.53 30744 1127a 6.06 a 3.79
| S 2089 | 21.78 | 1.608 | 4889 17.98 3010ab | 1035ab | 11486ab | 7179 |
Level of NS NS NS NS NS 0.01 0.01 0.01 NS
| significance |

In a column figures having similar letter(s) do not differ significantly



Table 6. Combined effect of different levels of P and S on the growth and yield contributing characters of maize plant.

e

P xS Plant Cob Cobs/ | Grain/ | Circumference| 1000- Grain | Stover | Shelling
fertilizer(kg/ha) Height Length plant Cob of cob Grain vield | vield (t/ha) (%)
{cm) (em) weight (t/ha)

) _ (gm) | |
Py So 1833d | 2003e | 1000 c | 4283 h 1723 d 2394 5367 | 8.050e 70,47
Py Sz 190d 2080d | 1.533 b | 4970b-e | 1720 d 276.7 7.407 12.19d | 7031
Py Sug 2053c | 234lab | 2000 a | 5947 a | 1810 bed | 3135 | 1237 627b | 7415
Py Sss 2063bc | 21.07de | 1.633ab | 5080bed | 1750 od | 2839 | 9433 430c | 72.52
Pss Sy 205¢ | 2125cde | 1.700ab | 4523 fgh | 17.87 bed 274.9 1000 | 485bc | 7381
Pss Szs 210.7bc | 21.77bcde | 1.567ab | 4940b-f | 1770 cd | 2824 | 9830 | 14.48bc 70,12
Pis Sa 214abe | 21.10de | 1.467b | 4983 b-e | 1733 cd 291 8 9093 13.84¢ 74.25
Pas Sss 212.7bc | 22.63abed | 1.600ab | 4700d-g | 17.50 cd 303 8 1020. | 14.54bc 71.55
Psa So 217.7ab | 23.03abc | 200 a | 5273 ab | 1873 be 3tle | 1169 | 1621b | 7380

| Py S 206.9bc | 2228bed | 1.667ab | 4807 c-z | 17.67 cd 3113 1063 15.71bc 72.21
Psy Ss 2246a | 2413a [ 2000 a | 5343 ab | 2038 a 335.9 12.71 18.40a 73.74
Pso Sss 206.7bc | 21.87bed | 1.600ab | 5133 abe | 19.17 b 3238 11.05 | 1567bc 1 O
Pss S 212.3bc | 22.47abed | 1.600ab | 4653 e-h | 1823 bed | 2841 | 9813 | 1445be 71,69
Pss Sas 2053c | 21.87bed | 1.600ab | 4490 gh | 17.83 bed 306.1 10.22 4.88bc | 7065
Pes Sug 2043c | 2203bed | 1.733ab | 4747 c-g | 1830 bed 288.5 1091 | 15.72be 73.03
Pss Sss 209.7b¢ | 21.57cde | 1.600ab | 4643 e-h | 17.73 od 292.7 1071 | 1494bc | 7140
Level of 0.01 0.01 0.0 0.01 0.01 NS NS 0.01 NS

significance |

In a column figures having similar letter(s) do not differ significantly
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4.1.2 Cob length

Individual effect of phosphorus

Cob length was not significantly affected by phosphorus levels (Table 4).The
highest cob length( 22.83¢m) was found with 50 kg P/ha The lowest cob length

(21.33em) was obtained with 0 kg P/ha.

Individual effect of sulphur

Cob length was not sigmficantly affected by sulphur levels (Table 5). However,
numerically the longest cob (22.67cm) was found with 40 kg S/ha and the shortest
cob length (21 68cm) was obtained with 25 kg S/ha.

Combined effect P and S

Cob length was significantly influenced by the combined application of P and S at
various levels (Table 6). The highest cob length (24.13¢m) was obtamned in the
treatment combination of PsgSyy and the lowest one (20 03cm) was obtained in the

treatment were no P and S was applhied (PyS;).

4.1.3 Circumference of cob

Individual effect of phosphorus

There was no significant difference m the circumference of cob among the
phosphorus levels (Table 4) The highest circumference of cob (18.99cm) was
recorded with 50 kg P/ha. The lowest circumference of cob (17.51em) was

obtained with 0 kg P/ha

Individual effect of sulphur

Circumference of cob was not significantly affected with sulphur fertilization
(Table 5). However, numerically the highest circumference (18.53cm) was found
with 40 kg S/ha and the lowest circumference (17 60em) was obtained with 25 ke
S/ha.
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Combined effect of P and S

Circumference of cob showed significant variation due to the combined
application of P and S at various levels (Table 6). The maximum and the minimum
circumference of cob were obtained with P<S,, and PyS,5 treatment combinations,

respectively.

4.2 Effect of P and S on the yield and yield components

4.2.1Number of cobs/plant

Individual effect of phosphorus

The number of cobs per plant was not significantly influenced by different
phosphorus levels. However, numerically maximum number of cobs per plant
(1.817) was obtained with 50 kg P/ha and minimum number of cobs per plant 1.54
with O kg P/ha (Table 4). Therefore. it was observed that number of cobs per plant

increased with increasing phosphorus levels.

Individual effect of sulphur

The number of cobs per plant was not significantly influenced by different sulphur
levels. However. numerically maximum number of cobs per plant (1.80) was
found with 40 kg S/ha and minimum number of cobs per plant {1 5) with 0 kg S/ha
(Table 5).

Combined effect of P and S

The combined effects of P and S at various levels showed significant influence on
the number of cobs per plant, The highest number of cobs per plant (2.00) were
recorded in the treatment combination of (PsySs), (PsSs). (PyS4s) and the lowest
number of cobs per plant (1.00) was recorded in the treatment where no P and S

were applied.
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4.2.2 Number of grains/cob

Individual effect of phosphorus

The number of grains per cob was significantly influenced by different phosphorus
levels. The highest number of grains per cob (513 .9) was found with 50 kg P/ha
which was statistically identical to Py and P;s treatments (Table 4). The lowest
number of grains per cob (463.3) was obtained with 65 kg P/ha which indicated a

suppressive effect on grain due to increased application of P.

Individual effect of sulphur

The number of gramns per plant was not significantly influenced by different
sulphur levels. However, numerically maximum number of cobs per plant (514 .3)
was found with 40 kg S/ha and minimum number of grains per plant 468 3 with 0
kg S/ha (Table 5).

Combined effect of P and S

The combined effects of P and S fertilizers showed the significant effect on the
number of grains per cob. The highest number of grains per cob (549.7) was
obtained m the treatment combination PyS,; and the lowest number of grain per

cob (428.3) was obtained 1n the control plot (Table 6),

4.2.3 Weight of 1000-grain

Individual effect of phosphorus

Phophosrus had significant effect on the weight of 1000-grain. The highest of
1000-gramn weight (320.7g) was obtained by the application of 50 ke P/ha which
was statistically identical to 65 kg P/ha and the lowest one (278.3 g) was recorded

where no P was applied (Table 4).
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Individual effect of sulphur

There was a significant influence on weight of 1000-grain by sulphur application
The highest 1000-grain weight (307 4g) was recorded with 40 kg S/ha which was
statistically identical to 55 kg S/ha and the lowest one (2775 @) was recorded with
0 kg S/ha (Table 5).

Combined effect of P and §

The combmed effect of phosphorus and sulphur levels failed to show the
significant effect on the weight of 1000-grain. However. numerically the highest
weight of 1000-grain (335.9 g) was found in the treatment combination of (Ps0Syp)
and the lowest one (2394 g) in the treatment were no P and S were applied (Table
6).

4.2.4 Shelling percentage

Individual effect of phosphorus

Phosphorus fertilizer showed not significantly variable effect on shelling
percentage. The highest shelling percentage (72.86%) was observed by the
application of 50 kg P/ha and the lowest one (71.69%) was observed by the
application of 0 kg P/ha (Table 4). Therefore, increasing shelling percentage was
observed with increasing phosphorus levels. Similar result was reported by

Hammam (1995).

Individual effect of sulphur

Shelling percentage was not significantly influenced by sulphur levels. However,
numerically the highest shelling percentage (73.79%) was found with 40 kg S/ha
and the lowest shelling percentage (70.82%) was found with 25 kg Stha (Table 5).
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Combined effect of Pand S

The combined effects of P and S levels failed to show sigmificant effect on the
shelling percentage. However, numerically the highest shelling percentage
(74.25%) was found i the treatment combination of (P35S4) and the lowest one

(70.12%) was found in the combination of P3<Ss; (Table 6).

4.2.5 Grain yield (t/ha)

Individual effect of phosphorus

Grain yield did not show significant variation due to different levels of phosphorus
application (Table 4). It was noted that application of phosphorus mereased the
grain yield over no phosphorus application Among the treatments, the highest
grain yield (11.52 t/ha) was obtained by the application of 50 kg P/ha and the
lowest yield (8.643 t'ha) was achieved with O kg P/ha (Table 4 and Appendix Fig
[). Applicatien of 50 kg P/ha produced maximum number of grams/cob, 1000-
grain weight, which resulted the highest grain yield compared with other

treatments,

Individual effect of sulphur

Sulphur treatment had a significant influence on grain vield of maize. The
maximum grain yield (11.27 t/ha) was obtained by the application of 40 kg S/ha
which was statistically 1dentical 10 55 kg Sha. The minimum grain vield (9,21
t/ha) was obtained by no sulphur application (Table 5 and Appendix Fig. 1),
Therefore, it was observed that grain yield was mereased with mcreasing level of
sulphur. This result was in agreement with Sinha et al. (1995) who reported that
gram yield ncreased with S application. Similar result was also reported by

Talukder and Islam (1982).
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Combined effect of Pand S

The combined effects of P and S had no significant imfluence on grain yield (Table
6 and Appendix Fig. Ill). However, the highest gram yield (12.71 t/ha) was
obtamed n the freatment combination of Ps;S4, and the lowest gram yield (5.367

t/ha) was obtained in the treatment combination where no P and § were applied.

4.2.6 Stover yield

Individual effect of phosphorus

Stover yield significantly varied due to phosphorus application (Table 4). The
highest stover yield (16.50 t/ha) was obtained by the application of 50 kg P/ha and
the lowest (12.70 tha) with O kg P/ha (Table 4 and Appendix Fig. I).

Individual effect of sulphur

Sulphur treatments showed significant influence on stover yield (Table 5 and
Appendix Fig IT). The highest stover yield (16.06 t/ha) was found with 40 kg S/a
and the lowest stover yield (13.39 t/ha) was found with 0 kg S/ha,

Combined effect of P and S

Stover vield significantly varied due to the combined effect of phosphorus and
sulphur levels (Table 6 and Appendix Fig I11). The highest stover yield (18.40
t/ha) was obtained in the treatment combination of Ps;Sy and the lowest stover

yield (8.05 t/ha) was obtained m the control treatment (PyS,).
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4 Photograph showing the maize plant in the control plot.

Fig.
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Fig. 5 Photograph showing the maize plant in plot of P«,S, treatment.

62



Fig. 6 Photograph showing the maize plant in plot of PySyp treatment.



Fig. 7 Photograph showing the maize plant in plot of P¢,Sy, treatment.



8 Photograph showing the whole experimental plot.

Fig.
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4.3. Effect of P and S on the nutrient contents in maize plant.

4.3.1 N content

The N content in plant was not stanistically significant due to different treatments
of phosphorus (Table 7). The N content in plant at different P treatments ranged
from 1.122 to 1.225 % The highest N content in plant (1.225 %) was observed m

Pis treatment and the lowest N content in plant (1.122%) was noted in control.

Nitrogen content in plant did not show significant influence by different sulphur
level (Table 8). The N content in plant at different S treatments ranged from 1,095
to 1.283 % The highest N content in plant (1.283 %) was observed m Sy,
treatment and the lowest N content (1.095 %) was noted in Sss. The low content of
N at the highest level of S indicated an antagonistic effect of S at its highest level

on the content of N in maize plant.

The combined effect of P and S on N content in plant was significant (Table 9)
The N content in plant ranged from 1.02%to 1.41%. The highest N content (1.41
%) was obtained with P3.Sy, treatment. The minimum N content in stover (1.02%)

was found 1n PySss

4.3.2 P content

A significant increase in P content mn plant was recorded due to different
treatments of phosphorus (Table 7). The P content ranged from 0.5238 to 0.7778
%. The highest value (0.7778 %) was obtained in Py treatment and the minimum
P content (0.5238 %) was obtamed in control treatment. Increase in the rates of P

showed significant increase in the P content in maize plant.

Phosphorus content 1n stover was also influenced by different levels of S (Table
8). Phosphorus content n stover ranged from 0.6068 % to 0.6815 % The highest

Phosphorus content of straw (0.6815 %) was found in Ss kg/ha The lowest
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Phosphorus content in stover (0.6068 %) was found in Ss« which indicated a

suppressive effect of S at its high level on the P content in maize plant

The treatment combinations of phosphorus and sulphur significantly influenced
the phosphorus content in stover (Table 9). Phosphorus content m straw was
ranged from 0.4900% to 0.9870 %. The maximum P content (0.9870 %) n stover
was found in PysS;s treatment and the minimum phosphorus content (0.4900 %)
was observed in PySys treatments. Combined application of P at high level with

high levels of § showed an antagonistic effect on the content of P in maize plant.

4.3.3 K content

A significant increase in K content in stover was recorded due to different
treatments of phosphorus (Table 7). The K content ranged from 0.7280 % to
0.8487 %. The highest value (0.8487 %) was obtained in Pgs treatment and the

minimum value (0.7280 %) was obtained in control treatment

Table 7. Effect of different levels of P fertilizer on the NPKS concentration in

maize plant.

Fertilizer Concentration (%)
| Nitrogen | Phosphorus Potassium | Sulphur
P, 1.122 0.5238 ¢ 07280 ¢ 0.3955a
P 1.225 0.5972 b 0.7553 b 0.4142a
P 1.150 06158b | 067854 04110a |
J Prs 1.153 0.7778 a 0.8487 a 0.3185b
Level of NS 0.01 0.01 0.01
significance
. | S il o

In a colum figures having similar letter(s) dont difTer significantly
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Table 8. Effect of different levels of S fertilizer on the NPKS concentration in

maize plant.

Fertilizer Concentration (%)

l_ Nitrogen Phosphorus é Potassium Sulphur
Sa 1.157 0.6482 b 08127 a 0.3960
S5 1.115 0.6815 a 0.7648 ¢ 0.3792
S 1.283 0.5780d 0.7868 b 03755
S 1.095 0.6068 ¢ 0.6463 d 0.3885

Level of NS 0.01 0.01 NS

sigmficance

In a colum figures having similar letter(s) don’t differ significantly

Potassium content i stover was significantly influenced by different levels of S
(Table 8). Potassium content in stover ranged from 0.6463 % to 08127 % The
highest potassium content in stover (0.8127 %a) was found in control treatment and
the lowest potassium content in stover (0.6463 %) was found with the Sss kg/ha
treatment. Application of S at high levels showed antagonistic effect on the

content of K n maize plant

Potassium (K) content in stover was significantly influenced by the combined
effect of P and S (Table 9). Potassium content in stover was ranged from 04750
% to 0.9717 %. The maximum potassium content in stover (09717 %) was found
N PgsSyy treatment and the minimum potassium content in stover (0.4750 %) was
observed in Py, Sss treatment. Combined application of highest P and S doses

showed an antagonistic effect on the K content in maize plant
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Table 9. Combined effect of different doses of P and S fertilizers on the NPKS

concentrations in maize plant

Phosphorus X Concentration (%)
Sulphur === i
Ssrtiliver Nitrogen Phophorus Potassium Sulphur
P; S 1.027cd 0.52101 0.66201 03750e
Po Sas [ 1.030cd 0.4900; 0.7510g 0.3450f |
Po Sug 1.250 b 0.52201 0.8870c 0.3850e |
Py Sas 1.020d 0.5620h 0.6120; 0.4770b
P1s Sy 1.160bed 0.5870g 0.8120e 0.3850e
. Pis Sy 1.200be 0.61207 0.7710f 0.5170 a
Pis Su 1.410a 0.51501 0.6133; 0.3800e
P3: Sss |.130bed 0.6750¢ 0.8250e 0.3750¢
Py So 1.200be 0.52301 0.8520d 0.4070d
Psy Sas 1.130bed 0.6370de 0.7120h 0.3800¢
P Sy | .140bed 0.6250ef 0.6750i1 0.4350c |
Psy Sis 1.130bed 0.6780c 0.4750 k 0.4220d
PesSh 1.240b 0.9620b 0.9250b 0.4170d
PesSzs | 1.100bed 0.9870 a 0.8250¢ 0.2750 h
Py Sas 1.170bed 0.6500d 09717 a 0.3020g
Pes Sss 1.100bcd 0.5123 0.6733 02800h |
Level of 0.01 0.01 0.01 0.01
significance

In & colum figurcs having similar letter(s) don 't differ signilicantly
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4.3.4 S content

A sigmificant increase in S content in stover was recorded due to different
treatments of P (Table 7). The S content ranged from 0.3185 % to 04142 %. The
highest value (04142 %) was obtained in Pss treatment which was statistically
similar with Py and Ps;. The mimmimum value (0.3185 %) was obtained with Pss.
which showed antagonistic effect of high P dose on S content in maize plant.
Sulphur content in stover was not significantly influenced by different levels of S
(Table 8)

The combined effect of P and S on S content in stover was significantly influenced
(Table 9). Sulphur content in stover was ranged from 0.2750 % to 0.5170 %. The
maximum sulphur content (0.5170 %) in stover was found in P3sS.« treatment and
the minimum sulphur content (0.2750 %) was observed in Pgs Sa< treatments. This
showed antagonistic effect of P and S on S content when P at high level was

applied

4.4 Effect of Phosphorus and Sulphur on nutrient uptake by maize plant.

4.4.1 Nitrogen uptake

The N uptake by the stover of maize was found statistically significant due to
different treatments of phosphorus (Tablel() The N uptake by stover due to
different treatments ranged from 1457 kg/ha to 189.1 kg/ha The highest N uptake
(189.1 kg ha™) was observed in Ps; treatment and the lowest N uptake (1457 kg
ha') was noted in P, Application of P at its highest level (Pgs) showed a

suppressive effect on the N uptake by the maize plant

Nitrogen uptake by stover was significantly affected by different sulphur levels
(Table 11). The N uptake by stover due to different S treatments ranged from
156.5 kg/ha to 204.5 kg/ha . The highest N uptake (204.5 kg ha™) was observed in
Sy treatment and the lowest N uptake (156.5 kg ha™) was noted in S,. S at the

70



highest (Sss) dose of application showed a negative effect on the uptake of N by

maize plant.

The combined effect of P and S on N uptake by stover was statistically significant
(Table 12). The N uptake by stover ranged from 82.16 kg/ha 229.4 kg/ha The
highest N uptake (229.4 kg/ha) was obtained with PySys treatment. The minimum
N uptake by stover (82.16 kg/ha) was found in control treatment (PySy).

Table 10. Effect of different levels of P on nutrient uptake by maize plant.

Fertilizer Nutrient uptake by stover (kg/ha)
Nitrogen | Phosphorus Potassium Sulphur
Py 1457 ¢ 66.67 d 9408 b 50.72 ¢
P3s 176.2b 86.22¢ 100.7 ab 59.72b
Pso 1891 a 101 3b 111.7 ab | 67.79a
Pes 172.7b 116.2a 1273 a 4761 ¢
Level of 0.01 0.01 0.01 0.01
| significance l

In a column, figures having similar letter(s) don’t differ significantly

Table 11. Effect of different levels of $ on nutrient uptake by maize plant.

Fertilizer Nutrient uptake by stover (kg/ha)

| Nitrogen Phosphorus Potassium Sulphur
S, 1565b 88.00 b 110.8 ab 53.18¢
Sz 160.0 b 98.77 a 101.0 ab 54.33 be
S 2045a 93.33 ab 1265a 60.68 a
Sss 162.9b 90.32b 9554 b 5767 ab

Level of 0.01 0.01 0.01 0.01

significance

In a colum [gures having similar letter(s) don't differ significantly
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4.4.2 Phosphorus uptake

Phosphorus uptake by the stover of maize was found statistically significant due to
different treatments of phosphorus (Table 10). The P uptake by stover due to
different treatments ranged from 66.67 kg/ha to 116 2 kg/ha The highest P uptake
(116.2 kg ha™) was observed in Pgs treatment and the lowest P uptake (66.67 kg
ha”) was noted in P,. The uptake of P showed increase with increase in the levels
of P.

Phosphorus uptake by stover was significantly affected by different sulphur levels
(Table 11). Phosphorus uptake by stover was ranged from 88.00 kg/ha to 98 77
kg/ha. The highest P uptake by stover (98.77 kg/ha) was found in S»s treatment
and lowest P uptake (88 00 kg/ha) was found with S, treatment. Apphication of §

at its higher levels showed a negative effect on the uptake of P by the maize plant,

The treatment combinations of phosphorus and sulphur stgnificantly influenced
the phosphorus uptake by stover (Table 12). Phosphorus uptake by stover was
ranged from 41.68 ke/ha to 146.9 kg/ha. The highest P uptake by stover (1469
kg/ha) was obtamed from the treatment P¢:S.< and the lowest values (41.68 kg'ha)
was obtained from control treatment (PyS,). The highest level of P (Pss) combined
with higher S levels (Sy, and Ss;) showed an antagonistic effect on the P uptake by

maize plant

4.43 Potassium uptake

Effect of phosphorus levels on K uptake by stover responded sigmficantly due to
different treatments (Table 10) and ranged from 94.08 kg ha™ to 127.3 kg ha™'. The
highest K uptake (127.3 kg ha™) was noted in P, treatment and the lowest value
(94.08 kg ha™) was found in Py. K uptake by plant showed a progressive increase

with the mcrease in the levels of P.



Potassium uptake by stover was significantly influenced by different S levels
(Table 11) and ranged from 9554 to 126.5 kg ha” . The highest K uptake by stover
(126.5 kg/ha) was found with S, treatment and the lowest value (65.54 kg ha™)
was found m Ss; which indicated an antagonistic effect of S at its high level on the
uptake of K by maize plant.

Table 12. Combined effect of different levels of P and S fertilizers on nutrient

uptake by maize

Phosphorus X Nutrient uptake by stover (kg/ha)
Sulphur
fertilizers Nitrogen Phophorus Potassium | Sulphur
Po So 82.16 i 41 68k 529¢ 30,01k
Py Sas 125.6h 59.71] 91.54ef 42.05;
Py Sy 203.37 a 84.92fa 144 3ab 1 62.63de
(P, Sss 145 9¢g | 80.36gh 87.51ef 68.21¢
P35 Sq 172 3¢ 87.16f '120.6bed 57.17fg
P15 Sas 173.1e 88.31f [ 77.92fg '1 74.60b
Ps S 195.1¢ 71.27i 84 88ef 52.58h
Pss S 164.3f 98 14e 119.6bed 54.52gh
Psy S 192 3¢ 83 88fy 136.3abe 65.28cd
PoySay 177 5de 100.2e [111.9cde | 59.74ef
e 209.7b 115.0c 124 2bed 80.04 a
P S 177.2de 106.2d 74 43fg 66.12cd
Pss S 179.2de 139.3b 133 4abc 60.25¢f
P S 163.7F 1469 a 122.7bed 40.92;
Pgs Sy 183 8d 102.1de 15254 47 46i
Pgs Sss 16431 76.53h 100.6def 41.82)
"Level of 0.01 0.0 0.01 0.0l
significance |

In a colum figures having similar letter(s) don’t differ significantly

T3




Potassium (K) uptake by stover was significantly affected by the combined effect
of phosphorus and sulphur (Table 12). The K uptake ranged from 52.96 to152.5
kg ha” The treatment combination PgsS1o gave the highest K uptake by stover
(152.5 kg/ha), which was significantly different from other treatments. The lowest
K uptake by (52.96 kg/ha) was found in control treatment (P,S,).

4.4.4 Sulphur uptake

Effect of phosphorus levels on S uptake by maize stover responded significantly
due to different treatments of P. The S uptake ranged from 47.61 to 67,79 kg ha™!
(Table 10). The highest S uptake (67.79 kg ha™') was obtained in Ps; treatment
and the lowest value (47.61 kg ha™) was found in Pgs which 1s an mdication of

the suppressive effect of high P dose (Pgs) on the uptake of S by maize plant,

Sulphur uptake by stover was significantly influenced by different levels of S
(Table 11). Sulphur uptake by straw ranged from 53.18 kg/ha to 60.68 kg/ha. The
highest S uptake by stover (60.68 kg/ha) was found in S, and the lowest S uptake
by stover (53.18 kg/ha) was found in S, treatment,

Combined effect of different levels of phosphorus and sulphur on S uptake by
stover was significantly influenced (Tablel2) Sulphur uptake by stover was
ranged from 30.01 kg/ha to 80.04 kg/ha, The maximum sulphur uptake by stover
(80.04 kg/ha) was found in PsSy, treatment and the minimum sulphur uptake
(30.01 kg/ha) was observed in control treatment. Application of P and S at their
highest levels (PgsSss) showed an antagonistic effect on the uptake of S by the

maize plant.
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4.5 Effect of P and S on the characteristics of the post harvest soil
The characteristics of the post harvest soils as influenced by different treatments of
P and S showed a marked vanation on the soil organic carbon, N, P, K and S

contents in soil.

4.5.1 Organic carbon content (%)

A significant variation was observed on the organic carbon content in soil after
maize harvest where various levels of phosphorus was incorporated in soil The
organic carbon content of the post harvest soil ranged from 0730 % to 1 269%
(Table 13). The maximum organic carbon content (1.269%) was obtained in the
Pgs treatment and the minimum organic carbon content (0.73%) was obtained in

the P, treatment.

A significant variation was observed on the organic carbon content after maize
harvest where different levels of sulphur were incorporated in soil. The oreanic
carbon content in the post harvest soil ranged from 0.7825 % to 1.011% (Table
I4). The maximum organic carbon content (1.011%) was obtained in the Sio
treatment and the mimimum organic carbon content (0.7825%) was obtained in the

So treatment.

Combined application of different doses of phosphorus and sulphur showed a
significant effect on the organic carbon content in the postharvest soil (Table 15)
The organic carbon content in the post harvest soil ranged from 0.82% to 1.763 %.
The highest organic carbon content (1.763 %) was recorded in the treatment
combination of Py Sss and the minimum organic carbon content (0.82%) was

obtained in the control treatment (P,S;).

4.5.2 Total nitrogen
A statistically significant variation was observed in the total N content in the post

harvest soil. The total N content of the post harvest soil varied from 0,077 % to
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0.082% (Table 13). The highest total N content (0.082%) was observed in Pgs

treatment and the lowest value of 0.077% m P, treatment.

Statistically significant variation was not observed n total N content of the post
harvest soil (Table 14). The total N content of the post harvest soil ranged from
0.075% to 0.08250%. The highest total N content (0.08250%) was observed in Sss

treatment and the minimum value (0.075%) was found in the S; treatment.

The effect of combined applications of different doses of phosphorus and sulphur
resulted significant variations in nitrogen content in the post harvest soil (Table
15). The total N content in the post harvest soil ranged from 0.065% to 0.088%.
The highest total N content of the post harvest soil (0.088%) was recorded in the
treatment combinations of Pgs S 55 which was statistically similar with treatment
combmations of Py Sy, Pis Sas, Pis Sss. PsgS 55 Pes S 25 and PgsS 40 and the lowest

value of 0.065% was obtained with P3sS,, treatment,

Table 13. Effect of P on the soil organic carbon, total N, available P,

exchangeable K and available S content in the soil after maize

harvest.
Rates of Organic Total N :AvailaWXchangeﬁmaﬂubié g
~ Sulphur | Carbon (%) (%o) (%) K (%) (%) |
P, 0775 b 0.0770 0.00205 0.00820 0.001288
Pis 0840b | 0.0787 0.0030 0.00840 0.001540
Ps 0,730 ¢ 0.0800 000315 | 0.00900 | 0001515
[ Pgs 1269a | 00820 | 000259 | 000925 | 0.001508
I Levelof 0.01 NS | NS NS NS |
sienificance

In a colum figures having similar letter(s) don’t differ significantly
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Table 14. Effect of S on the soil organic carbon, total N, available P,
exchangeable K and available S content in the soil after maize

harvest, _
Sulphur Organic Total N | Available P | Exchangeable | Available S
fertilizer | Carbon(%) (%) (%) K (%) ‘ (%)
Sy | 0.7825b | 0.07500b | 0.002426 0.008300 0.001463
S 0.8125b | 008100ab | 0.00259] 0.008575 0.001405
|
S | 10110a |007925ab| 0002626 0.009175 | 0.001413
Ses | | 008 a 0.08250a | 0.003150 0.008808 | 0.001570
" Level of 0.01 0.01 NS ' NS | NS
Egniﬁcanccl |

In a colum figures having similar letter(s) don’t differ sigmficantly

4.5.3 Available phosphorus

The effect of application of P at different levels showed no sigmificant
differences in respect of P content n soil after harvest (Table 13). The P content
n post harvest soil ranged from 0.002050% to 0.003150% The highest P content
was recorded n Py treatment and the lowest P content was found in the P,

treatment.

Statistically significant vanation was not observed due to the application of S at
different doses on the content of available P of the post harvest soil (Table 14) The
P content in the post harvest soil ranged from 0.002426% to 0.003150%. The
highest P content (0.003150%) was observed i Sss treatment and the minimum
value (0.002426%) was found in the S, treatment.

The effect of combined application of phosphorus and sulphur showed no
significant differences in respect of P content in soil after harvest (Table 15). The
P content m the post harvest soil ranged from 0.00180% to 0.00420%. The highest
P content was observed in Ps¢Sss treatment and the minimum value was found in

the PS4 treatment.
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Table 15. Combined effect of P and S fertilizer on the soil organic carbon,

total N, available P, exchangeable K and available S content in the

soil after maize harvest.

Phosphorus | Organic Total N | Available | Exchangeable Available
X Sulphur Carbon (%) | P (%) K (%) S (%)
fertilizers (%) ) .
Py So 0.8200cd | 0.07500de | 0.002100 | 0.008200 | 0.001000
Py Sas 0.7600d | 0.07600de | 0.001800 | 0.008000 | 0.001220 |
By Bag 0.7600d | 0.08400ab | 0.002400 | 0.008700 | 0.001450
Py Sss 0.7600d | 0.07300e | 0.001900 | 0.007900 | 0.001480
Pis S, 0.8500c | 0.08000bed | 0.002300 | 0.007800 | 0.001560 |
Pis Sas 0.8200d | 0.08600ab | 0.003400 | 0.008600 | 0.001700 l
Pis Sug 0.8500c | 0.06500f | 0.002900 | 0.008700 | 0.001300
Pys S 0.8400cd | 0.08400ab | 0.003400 | 0.008500 | 0.001600
 Puli 0.6600e | 0.07800de | 0.002900 | 0.008900 | 0.001560
E 0.8300cd | 0.07500de | 0.002700 | 0.008300 | 0.001700 |
Pso Sup 0.7600d | 0.08200abc | 0.002800 | 0.009600 | 0.001300
Psy Sss 0.6700e | 0.08500ab | 0.004200 | 0.009200 | 0.001500 |
. P Sy 0.8000cd | 0.06700f | 0.002403 | 0.008300 | 0001733
Pes Sas 0.8400cd | 0.08700a | 0.002463 | 0.009400 | 0.001000
Pes Sao 1.6730b | 0.08600ab | 0002403 0.009700 0.001600 |
[ Pgs Sss 1.763a | 0.08800a | 0.003100 | 0009633 | 0001700
Level of 0.01 0.01 NS NS NS
significance |

In a colum figures having similar letter(s) don’t difTer significantly
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4.5.4 Available potassium

The effect of apphication of P showed no significant differences in respect of K
content n soil after harvest (Table 13). The K content in post harvest soil ranged
from (0.0082% to .0.00925 %) The highest K content was recorded in Pes

treatment and the lowest K content was found in the P, treatment.

Statistically significant variation was not observed in K content of the post harvest
so1l with the application of various levels of § (Table 14) The K content of the
post harvest soil ranged from 0.0083 % to 00091 %. The highest K content was

observed in Sy treatment and the minimum value was found in the Sy treatment.

The effect of combined application of phosphorus and sulphur showed no
significant differences in respect of K content in soil after harvest (Table 15). The
K content in the post harvest soil ranged from 0.00780% to 0.00970%. The highest
K content was observed in Py;Sy, treatment and the minimum value was found in

the P35S treatment.

4.5.5 Available sulphur

The effect of application of P showed no significant differences m respect of 8
content of soil after harvest (Table 13). The S content in post harvest soil ranged
from 0.001288% to 0.001540% .The highest S content was recorded in Pis

treatment and the lowest S content was found in the Py treatment.

Statistically significant variation was not observed in sulphur content in of the
post harvest soil (Table 14). The S content i the post harvest soil ranged from
0.001405% to 0.001570%. The highest P content in was observed in S treatment

and the mimimum value was found in the S,s treatment,
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The effect of combined application of phosphorus and sulphur showed no
significant differences in respect of S content of soil after maize harvest (Table
15). The S content of the post harvest soil ranged from 0.00100% to 0.001733%.
The highest S content was observed in PgsS, and the minimum value was found in
the control treatment (PySp).
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Chapter 5

SUMMARY AND CONCLUSION

A field experiment was conducted at Sher-e- Bangla Agricultural University Farm,
Dhaka during the period from October. 2006 to April, 2007 to study the response
of maize to phosphorus and sulphur fertilization, The study included four levels of
phophorus, viz., 0, 35, 50 and 65 kg P/ha and four levels of sulphur, viz__ 0, 25,40
and 50 kg S/ha. Triple Super Phosphate and Gypsum were used as the sources of P
and 8, respectively, The experiment was laid out in a Randomized Complete
Block Design (RCBD) with three replications. The size of each umit plot was 3m =
3m = 9m” The individual plots and the blocks were separated for 1migation and
drainage by | and 1.5 m canals, respectively. The seeds of maize (BARI Maize-5)
were sown on 27 October, 2006 and the crop was harvested on 17 April 2007

Phosphorus and sulphur fertilizers were applied as per treatment combinations,
Full doses of potash (MP), Boron and Zinc and one-third of the N (urea) were
applied at the ime of final land preparation. The rest of the urea was applied in
two equal splits on 30 and 60 days after sowing (DAS).

Data were collected in respect of plant height, number of cobs per plant, cob
length, circumference of cob, number of grains per cob, 1000-grain weight,

shelling percentage. grain yield and stover yield

Plant heights, grains/cob, 1000-grain weight, stover yield, P, K and S content in
maize plant, N, P, K and S uptake by maize plant and organic carbon in post
harvest soil were significantly influenced by phosphorus application. Application
of 50 kg P/ha resulted tallest plant, highest number of cobs/plant, maximum cob
length, maximum grains/cob, highest circumference of cob, highest grain and

stover yield, N and S uptake by plant and available P in post harvest soil
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Results showed that the effect of sulphur fertilization was significant on 1000-
grain weight, grain and stover yields, P and K content in maize plant, N, P, K and
S uptake by maize plant, organic carbon and total N in post harvest soil. H ighest
values in respect of plant height, cobs/plant, cob length, grains/cob, circumference
of gram yield, stover yield, shelling percentage, N content in maize plant. N, K
and S uptake by maize plant, organic carbon and available P in post harvest soil
were obtamed with 40 kg S/ha.

The experimental data also showed that the combined effect of phosphorus and
sulphur on various parameters was found positive and significant Combined
application of P and S had significant effect on plant height, number of cobs/plant,
cob length, grans/cob, circumference of cob, 1000-grain weight, erain yield,
stover yield. N, P, K and S content in maize plant, N, P, K and S uptake by maize
plant, organic carbon and total N in post harvest soil. Phosphorus @ 50 kg/ha with
sulphur @ 40 kg/ha gave the highest plant height, number of cobs/plant, cob
length, gram/cob, circumference of cob, 1000-grain weight, grain vield, stover
vield and S uptake by maize plant. Therefore, it can be concluded that the
application of 50 kg P and 40 kg S/ha is suitable for the efficient production of
maize n the soils of the Modhupur Tract. Application of phosphorus and sulphur
at their higher levels showed antagonistic effects on both the concentrations and
uptake of phosphorus and sulphur and on the concentration of potassium in maize

plant.
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APPENDICES

Appendix 1. Monthly records of meteorological observation at the period of
experiment (October, 2006 to April, 2007)

Month Temperature Temperature Humidity | Precipitation
(Maximum, °C) | (Minimum, °C) (%) (mm)
October 31.51 2413 71.00 168
November 30.20 20.13 68.00 31
December 26.60 13.5 52.7 9
January 25.40 12.93 48.3 7
February 25.30 14.2 55.8 7
March 28.3 17.2 72.30 15
April 31.6 19.5 80.00 56

Source : Weather Yard, Bangladesh Metrological department, Dhaka.
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Appendix Fig. 1. Effect of phosphorus levels on the grain and stover yields
of maize.
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Appendix Fig. I1. Effect of sulphur levels on the grain and stover yields of maize.
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