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EFFECT OF CROPPING SYSTEMS, TILLAGE PRACTICES
AND FERTILIZER TREATMENTS ON WHEAT STAND
ESTABLISHMENT UNDER RAINFED CONDITIONS

Parvez Khalig*, Muhammad Azim Malik** and M. Aslam Gill***

ABSTRACT: Wheat stand establishment was studied in a randomized com-
plete block design (cropping systems x tillage practices x fertilizer treatments)
under rainfed condition, during 2000-01 and 2000-02. On the basis of wheat emer-
gence (m?) and emergence rate index, wheat stand establishment was significantly
(P<0.05) higher in the fallow-wheat cropping system compared to maize-wheat,
mungbean-wheat, and cowpea-wheat system. Tillage practices (shallow and deep)
and fertilizer treatments {recommended dose of fertilizer (F); fertilizer + manure
(F+FYM); manure only (FYM) and control (C)} did not show significant effect on
both emergence and emergence rate index. Overall, significantly (P<0.05) higher
residual soil moisture content was available in fallow-wheat system which re-
sulted in better wheat emergence. This ultimately resulted in vigorous crop stand
establishment. The biomass harvest observed at 2-3 leaf stage in the fallow-wheat

system was higher than other systems under study.
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INTRODUCTION

Wheat (Triticum aestivum L.) is a staple
food crop of many countries including Pa-
kistan. The wheat in Pakistan is grown
under diversified environments, however,
it is mainly grown under irrigated and
rainfed conditions. The rainfed wheat con-
tributes almost 30% in the total wheat pro-
duced in the country. The productivity of
rainfed wheat mainly depends on the
amount of soil moisture for which rainfall
is the major source. In rainfed areas wheat
is usually planted on residual moisture of
summer (monsoon) rains or some times
early winter rains (October — November)
that provides watter conditions (soil mois-
ture at optimum level) for wheat planting.
The rains in these areas are scanty, er-
ratic and torrential in nature. Thus the
wheat crop stand establishment (WSE)
largely depends on the residual soil mois-
ture and occurrence of rainfall at the time
of wheat sowing. During October when the
rains does not occur the moisture in the
upper soil surface depletes due to evapora-
tion that resulted in less available soil
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moisture for wheat germination. Wheat
stand establishment is critical where soil
surface is wetted infrequently/irregularly
and the rate of evaporation is high (Hillel,
1982). Farmers usually conserve soil mois-
ture using different ways. In rainfed areas
success of WSE mainly depends on con-
served summer (kharif) moisture. About
80% of the farmers in rainfed areas grow-
ing wheat are practicing fallow-wheat crop-
ping system (Razzaq et al., 2002). Kharif fal-
lowing is a common practice to conserve
moisture, so the fallow system is sustained
through immense number (10-14) of till-
age operations (Zahid et al., 1991). Ishaq
et al. (2003) reported that farmers of rainfed
area tilled the land excessively in fallow-
wheat cropping system than wheat-sum-
mer crop just to conserve rain water and
control weeds. It is envisaged that if some
cover crop like maize fodder or legume are
grown in kharif instead of fallow, the more
moisture in the Supper profile may be
made available due to mulching effect of
dropped leaves and crop shading (Papendick
and Cambell, 1974). Mucha (2001) reported
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that typical rotation along with managing
the soil moisture and plant nutrients gave
highest returns. However, a disadvantage
of continuous cropping in semi-arid region
is the increased chances of crop failure due
to in abdicate soil water to support eco-
nomic crop yields (Timsina and Connor,
2001).

In addition to adopt crop management
techniques (as discussed in the previous
paragraphs) the use of different tillage prac-
tices are common for this purpose. Some
of the most common tillage practices uni-
versally adopted are deep tillage, zero-till-
age and reduced tillage. In rainfed agricul-
ture of Pakistan moldboard and chisel
plough are used for deep tillage to break a
hard pan or loosen the compact sub-sur-
face soil, allowing improved infiltration of
rainwater and to check erosion. Moldboard
is more popular than chisel plough because
it is widely available and its inversion pro-
cess controls weeds. The tillage practices
affect on the osmotic pressures in the soil
solution, the seed-soil contact, soil strength
and volume of gaseous phase which play
an important role in the germination of
seeds as well as in the establishment of
seedlings (Mitchell, 1970). Warkentin
(2000) stated that main objective of tillage
is to change soil physical conditions and
control weeds. Ahmad et al. (1990) con-
cluded that deep ploughing before the start
of monsoon conserves moisture for wheat
planting. The number of seedlings emerged
in the deep ploughing was higher as com-
pared to shallow cultivation. Drinkwater et
al. (2000) reported that deep tillage resulted
in conservation of soil water in lands where
process of rain water infiltration, runoff and
evaporation are involved. Some scientists
(David et al., 2002; Warkentin, 2000) are of
the opinion that tillage practices may help
in improving the physical conditions of the
soil, incorporation of organic residues into
the soil, enhancing water infiltration, re-
ducing runoff and improving nutrient avail-
ability. They concluded that yield was sig-
nificantly increased by moldboard plough in
comparison to other tillage treatments.
Most researchers (Lal, 1997; Diaz-Zorita,

2000) agree that crop response to deep till-
age is function of several interacting fac-
tors including crop species, soil and climatic
conditions and weather fluctuations. David
et al. (2002) stated that advantages of deep
tillage for crop yield depend upon rainfall
pattern, i.e., amount and its distribution
and plant type (i.e. rooting pattern and
growth duration). Antapa and Mariki (2000)
indicated that volumetric water contents
were consistently greater in soils managed
under deep tillage than those under con-
ventional tillage systems.

The soils of rainfed areas are low in
organic matter and deficient in nitrogen
and phosphorous (Rashid et al., 1994). The
soil organic matter and fertility status also
affects the ionic concentration of soil solu-
tion, thus the effect on stand establishment
because the germination percentage ob-
tained was not strictly a function of the
water uptake by the seeds. However, the
transient exposure to high osmotic pres-
sures (low, i.e. negative osmotic potentials)
can promote subsequent germination in
the soil; shorten the time required for ger-
mination and increase germination per-
centage. Resultantly more even crop stand
was obtained (Ali, 1998). Fertilizer and
manure affect on the ionic concentration
of soil solution. The germination percent-
age obtained is not strictly a function of the
water uptake by the seeds. However, the
transient exposure to high osmotic pres-
sures (low, i.e. negative osmotic potentials)
can promote subsequent germination in
the soil, shorten the time required for ger-
mination and increase germination per-
centage. Hillel (1982) reported that many
soils and particularly arid-zone soils that
are low in organic matter content and of-
ten have low vegetative cover tend to form
a dense crust under the beating and shak-
ing action of raindrops, and soil crusting
has long been known to restrict germina-
tion and seedling emergence, either by
forming a mechanical obstruction or by lim-
iting aeration or combination of these ef-
fects. Sharma and Singh (1996) reported
that the application of FYM in conjunction
with mineral fertilizer resulted in higher
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grain production of maize than applying
fertilizer and FYM alone. Similarly,
Mahajan (1996) concluded that FYM was
useful in increasing the yield of maize and
wheat by 27% and 20%, respectively. This
experiment was designed to evaluate wheat
stand estalishment from emergence to 2-
3 leaf stage among different cropping sys-
tems, tillage practices and fertilizer treat-
ments.

MATERIALS AND METHODS

The study was conducted under rainfed
conditions in Pothwar plateau for two years
(2000-02), at National Agricultural Re-
search Centre (NARC), Islamabad. The ex-
perimental site is located in sub-humid,
subtropical region, 510 m above sea level,
at 73.08 °E and 33.42 °N. The experiment
was designed to study the effect of four
wheat (Triticum aestivum L.) based cropping
systems, i.e., fallow-wheat-fallow-wheat,
maize fodder-wheat-maize fodder-wheat,
cowpea-wheat-cowpea-wheat and mungbe-
an-wheat-mungbean-wheat, two tillage sys-
tems: shallow (cultivator) and deep (mold-
board) with four fertilizer treatments i.e.
control (C), recommended dose of fertilizer
(F), fertilizer plus farm yard manure
(F+FYM) and farm yard manure (FYM) alone
on stand establishment of wheat under
rainfed conditions. This cropping system
trial was completed in two cycles and ev-
ery cycle had two phases i.e. rabi and kharif.
The studies were initiated for kharif phase
during kharif 2000 with sowing of
mungbean, cowpea and maize fodder in the
respective plots. Wheat was planted during
“rabi” 2000-01 in all plots as second phase
of the study. This completed one cycle of
the cropping system. In second cycle of the
trial same order of pre-assigned kharif crops
were sown in the respective (as in first
cycle) plots during kharif 2001, and again
wheat was planted in all plots during rabi
2001-02.

The experiment was laid out in ran-
domized complete block design (RCBD) and
treatments were arranged in split plot fash-
ion with three replications. Cropping sys-
tems were placed in the main plots, tillage

practices in the sub-plots and fertilizer
treatments in the sub-sub plots. For land
preparation one deep tillage treatments
with moldboard was given to the soil after
harvest of summer crop before on set of
monsoon.

Final land preparation in all plots was
done with cultivator and then the surface
was planked to ensure a firm seed bed.
Recommended dose of fertilizers for each
crop and farmyard manure @ 5 t ha? were
broadcasted in the respective plot and in-
corporated with cultivars (Table 1). Wheat

Table 1. Cultural practices for kharif and rabi crops

Parameter Mung Cow Maize Wheat
bean pea fodder

Variety . MN-209 Local Gauher Chakwal-97

Seed rate kg ha . 25 25 50 100

Fertilizer (kg ha")

N 20 20 100 90

P 50 50 50 90

FYM (t ha') 5 5 5 5

Row spacing 25 25 25 25

(cm)

cultivar “Chakwal 86" was planted on No-
vember 25, 2000 and November 21, 2001
with Nardi drill. Seed rate used was 100 kg
ha while row to row spacing was kept at
25 cm.

Seedlings were counted at interval of
24h from Im? marked area. Counting
started with the beginning of emergence
and was continued until emergence counts
were constant in each plot. Emergence rate
index (ERI) was calculated using a modi-
fied method described by Maguire (1962).
ERI=

(Number of normal seedlings+............ +

Days to first count
Number of normal seedlings)

Days to final count

Moisture contents before sowing at
three different depth (0-15cm, 15-30cm and
30-60cm) were determined by using the
gravimetric method (Page et al., 1982). Af-
ter stand establishment one biomass har-
vest at 2-3 leaf stage was also taken. Analy-
sis of variance was accomplished by using
MSTAT-C computer package.
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RESULTS AND DISCUSSION

Productivity of the rainfed areas in
Pakistan is largely dependent on rainfall
which is unpredictable. Huge variations
above and below normal rainfall have been
observed from long-term as well as short-
term rainfall pattern. Rainfall pattern re-
corded during the study period was above
normal during kharif and far below normal
in rabi (Table 2). During kharif 2000 rain-
fall of 1144 mm and in kharif 2001 rainfall
of 965 mm was recorded. The rainfall pat-
tern during 2000 kharif was torrential
whereas light showers were evenly distrib-
uted during 2001 season. Hence, the rain-
fall pattern during 2001 was environment
friendly and created more conducive con-

ditions for seed emergence and crop growth
so these were better in kharif 2001. The
rainfall during 2000 was heavy and torren-
tial, which lowered the performance of
mungbean especially at flowering and pod
filling stages thus reduced the mungbean
yield. The fodder crops (maize and cowpea)
escaped from the ill effects of heavy rains;
therefore, crop establishment and result-
ant yields during both the years were close
to potential level.

The rabi seasons faced severe drought
(rabi 2000-01 received only 50.1 mm rain-
fall, therefore, 50 mm crop saving irriga-
tion was applied and rabi 2001-02 received
122 mm rainfall). The rabi 2000-01 was
drier than rabi 2001-02, therefore crop yield

Table 2. Weekly rainfall data during kharif crops study period (May-September 2000 and 2001) and rabi

crop study period (October-April 2000-01 and 2001-02) (mm)
Week May 2000 June 2000 July 2000 August 2000 Sept. 2000
1st 0.0 1.2 28.4 31.5 62.0
2nd 0.7 6.5 60.9 117.5 140.0
3rd 0.0 0.0 40.0 85.0 210.0
4t 0.5 101.5 96.5 49.5 113.0
Total 1.2 109.2 225.8 283.5 525.0
G. Total 1144.7
Week May 2001 June 2001 July 2001 August 2001 Sept. 2001
1st 25.0 42.5 53.2 22.2 2.0
2nd 0.0 30.5 170.9 70.3 25.2
3rd 14.0 29.8 286.5 48.4 2.1
4t 7.0 54.5 80.4 0.0 0.0
Total 46.0 157.3 591.0 140.9 29.3
G. Total 964.5
B.
Week October Nov December January February March April
2000 2000 2000 2001 2001 2001 2001 2001
1st 0.0 0.0 0.0 0.0 0.0 0.0 15
2nd 0.0 0.0 12.0 0.0 0.0 6.0 4.0
3rd 0.0 0.0 0.0 0.0 0.3 0.0 4.8
4t 0.0 0.0 0.0 0.0 0.3 21.2 0.0
Total 0.0 0.0 12.0 0.0 0.6 27.2 10.3
G. Total 50.1
Week October Nov. December January Feb. March 2002  April
2001 2001 2001 2002 2002 2002 2002
1st 4.4 4.1 0.0 0.0 4.1 0.0 3.5
2nd 18.5 0.0 0.0 154 0.1 23.9 0.0
3rd 0.0 0.0 1.1 2.5 10.5 12.0 1.9
4t 0.0 0.0 0.1 0.0 9.3 55 51
Total 22.9 4.1 1.2 17.9 24.0 41.4 10.5
G. Total 122.0
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and yield components were better during
2001-02. The soil of experimental area was
low in organic matter, nitrogen and phos-
phorous; however, potassium level was
adequate.

The perusal of the data (Figure 1) in-
dicated that the wheat emergence in vari-
ous cropping systems differed significantly
(P<0.05). However, the emergence of wheat
was not affected by tillage practices. Sig-
nificantly higher number of seedlings
emerged in fallow-wheat (272 m2) and the
lowest were observed in cowpea-wheat (173
m-2) cropping systems. The tillage system
X cropping system interaction was signifi-
cant and the highest number of wheat
seedling emergence was observed in fal-
low-wheat with deep tillage (279 m=2) and
lowest seedling emergence was recorded in
the interaction of cowpea-wheat x shallow
tillage. These results are in line with the
findings of Antapa and Mariki (2000) who
reported that wheat growth and productiv-
ity depends on the rotation followed by the
wheat crops among. They concluded that
wheat emergence was significantly higher
in a fallow cropping system than the
cropped fields.

Emergence Rate Index (ERI) of Wheat
The ERI of wheat also varied signifi-
cantly among various cropping systems
under study. The data revealed that the
emergence rate index was significantly
higher in fallow-wheat compared to other
cropping systems (Table 3) . Lowest ERI was
observed in cowpea-wheat cropping sys-
tems. The ERI was highest in fallow-wheat
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Figure 1. Emergence counts of wheat as affected

by cropping systems and tillage practices
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Table 3. Emergence Rate Index of wheat
in different cropping systems x tillage
practices

Cropping Tillage Mean
system practices

Shallow Deep

tillage tillage
Fallow- 114.82ab 131.2a 123.2A
Wheat
Maize- 100.8 ab 70cb 85.6B
Wheat
Cowpea- 78.4b 71.6b 75.2C
Wheat
Mungbean- 69.6 b 88.4ab 78.8B
Wheat
Mean 90.8 NS 90.4 NS

eans Ttollowe: y same letter(s) do no Irrer signit-

cantly at P <0.05

(131) with deep tillage and lowest in maize
wheat (70) with shallow tillage compared
to other cropping patterns in relation to till-
age systems under study.

Stand Establishment of Wheat as
affected by Cropping System x
Fertilizer Treatments
Emergence of Wheat

A perusal of the data indicated that the
wheat emergence in various cropping sys-
tems differed significantly (P<0.05). How-
ever, the emergence of wheat was not af-
fected by fertilizer treatments (Table 4) Sig-
nificantly higher number of seedlings
emerged in fallow-wheat (272 m=2) and low-
est was observed in cowpea-wheat cropping
system (173 m=2). The fertilizer treatments
X cropping patterns interaction were sig-
nificant. The highest seedling emergence
was observed in the interaction maize-
wheat x FYM (291m2) and lowest in cow-
pea-wheat with recommended fertilizer
(153 m2).

Emergence Rate Index of Wheat (Cropping
Systems x Fertilizer Treatments)

The ERI compared to other cropping
systems in relation to fertilizer treatments
under study was highest in fallow-wheat
(150.4) and lowest in cowpea-wheat (48.8)
both were in control. The fertilizer treat-
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Table 4. Wheat emergence counts (m3) in different cropping systems and fertilizer

treatments

Cropping Recommended Control Manure with Manure Mean
system fertilizer fertilizer rec. fertilizer only

F-Wheat 241.2 ad 298 a 278.8 abc 268.8 abc 2716 A
Mz-Wheat 271.2 abc 202.8 ad 199.2 a-d 290.8ab 240.8 AB
C-Wheat 153.2d 160.8 d 192.4 a-d 184 bcd 172.8C
Mg-Wheat 238.8ab 182.0 191.2 ad 240.8a-d 213.2BC
Mean 226 NS 210.8 215.6 246 0 -

Means followed by same letter(s) do not differ significantly at P <0.05

Table 5. Effect of different cropping systems and fertilizer treatments on emergence

rate index of wheat

Cropping Recommended Control Manure with Manure Mean
System fertilizer fertilizer rec. fertilizer only

F-Wheat 107.2 abc 150.4 a 2131.6ab 102.4 abc 123.2 A
Mz-Wheat 79.6 bc 78.8 bc 71.2bc 112.4 abc 85.6 B
C-Wheat 75.2 bc 48.8 c 93.6 abc 83.2 bc 72.2B
Mg-Wheat 96 abc 56.4c 70.4 bc 92.8 abc 78.8B
Mean 89.6 B 83.6B 91.6 AB 97.6 A -

Means followed by same letter(s) do not differ significantly at P <0.05

ment X cropping system interaction was
non-significant (Table 5).

Wheat Biomass Accumulation at 2-3 Leaf Stage

The data on dry weight of established
wheat at 2-3 leaf stage in various cropping
systems in relation to tillage practices and
fertilizer treatments (Table 6) indicated
that mean results of the dry weight of es-
tablished wheat in various cropping sys-
tems differed significantly (P>0.05). High-
est amount of biomass was harvested in
fallow-wheat (4gm=2) and lowest in

mungbean-wheat (2.6g m=3).

Mean dry weight production was non-
significant among shallow and deep tillage
practices. Fertilizer treatments have
shown significant (P<0.05) impact on bio-
mass accumulation. Higher amount of bio-
mass harvest was recorded in F + FYM (3.8g
m-2) and lowest (2.2g m=) in control.

The results of this study revealed the
tillage practices (shallow, deep) have put
non-significant (P>0.05) impact on both
emergence and ERI. This has partially con-
tradicted the statement of Ahmad et al.

Table 6. Dry weight (g m) of established wheat at 2-3 leaf stage in various cropping
systems in relation to tillage and fertility treatments

Cropping Shallow tillage Deep tillage Mean
System F C MF M F C MF M

Fallow- 46ac 3.4ah 5.4a 1.0h 4.8abc 4.2af 3.2ah 54a 4.0A
Wheat

Maize- 2.0ch 1.8eh 3.6ah 4.0ah 1.8dh 2.8ah 5.0ab 1.0h 2.8B
Wheat

Cowpea- 3.0ah 1.2fgh 3.0ah 4.8ad 28ah 18fgh 3.4ah 2.0ch 2.8B
Wheat

Mungbean- 3.2ah 2.6ah 3.0ah 22bh 3.0ah 1.2gh 3.2ah 3.0ah 2.6B
Wheat

Mean(tillage) 3.0 NS 3.0

Mean(fertility) 32AB 2.2B 2.4A 3AB 32AB 2.4AB 3.8A 28A

Means followed by same letter(s) do not differ significantly at P <0.05
F= Fertilizer, C= Control, MF= Maize Fodder, M= Mungbean
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(1990) because there was no rain at the
time of planting otherwise the advantage
from deep plowing would have been more
pronounced. Positive correlation has been
found between emergence and moisture
contents for both tillage practices and rela-
tively higher degree of association in deep
tillage system with significant moisture
contents at 30-45 cm (Table 7). This might
be suggested that emergence counts in
the context of moisture contents were af-
fected by shallow and deep tillage systems
and relatively higher emergence count in
deep tillage although non-significant
(P>0.05) have supported the above state-
ment. These results are in accordance with
Halvorson et al. (2001) who concluded that
profile water extraction increased in the
deep tillage practice. The correlation be-
tween emergence rate index and moisture
contents at critical depth (0-15 cm) was
negative. So, this might be concluded that
for ERI, tillage practices were not the lim-
iting factors. Equal amounts of dry matter
production in both type of tillage practices
(Table 6) also indicated the tillage practices
have shown non-significant (P>0.05) effect

on both emergence and ERI.

On the basis of emergence and ERI two
distinct groups of cropping systems were
studied. The first group included fallow-
wheat and maize-wheat. The second group
contained mungbean-wheat and cowpea-
wheat. First group proved superior to sec-
ond group regarding both wheat emergence
and ERI.

The highest emergence count and ERI
for fallow-wheat are in accordance with
Ahmad et al. (1990) and Aslam (1995). This
might be attributed to very little rain
shower before the sowing time of wheat
(Table 2). The limited rains did not restore
that depleted moisture in kharif cropped
fields for good water use efficiency. More-
over higher degree of positive correlation
was found among emergence, ERI and mois-
ture contents in fallow-wheat cropping sys-
tem (Table 8). Higher biomass harvest in
fallow-wheat was the other evidence in fa-
vor of healthy WSE in the fallow-wheat crop-
ping system (Table 9).

For maize-wheat second highest emer-
gence and ERI is in accordance with the
exceptional cases of maize-wheat cropping

Table 7. Correlation among wheat emergence, ERI and soil moisture contents in

different tillage systems

Emergence ERI
Tillage Soil depth (cm)
0-15 15-30 30-45 0-15 15-30 30-45
Shallow 0.211 0.111 0.210 -0.161 -0.058 0.109
Deep 0.302 0.242 0.333* -0.129 0.025 0.203

* Significant at 5% level of probability.

Table 8. Correlation among wheat emergence, ERI and soil moisture contents in

different cropping systems

Emergence ERI
Cropping Systems Soll depth (cm)
0-15 15-30 30-45 0-15 15-30 30-45

Fallow- 0.308 0.166 0.394 0.318 -0.049 0.445 A
Wheat

Maize- 0.42 0.210 0.299 -0.102 -0.070 0.243B
Wheat

Cowpea- -0.111 -0.124 -0.452 -0.196 -0.230 -0.394B
Wheat

Mungbean- -0.388 -0.463 -0.226 -0.330 -0.278 0.058B
Wheat

Significant at 5% level of probability.
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Table 9. Correlation among wheat emergence, ERI and soil moisture contents in

different fertilizer treatments

Emergence ERI
Fertilizer Soil depth (cm)
0-15 15-30 30-45 0-15 15-30 30-45
FYM 0.468* -0.249 0.014 -0.349 0.070 0.170
FYM+F -0.135 -0.327 0.090 -0.062 0.181 0.041
Control -0.571* 0.509 0.543 0.608* 0.560* 0.573*
Mean 0.041 -0.149 0.306 -0.125 0.154 0.074

*Significant at 5% level of probability.

system (Aslam, 1995). Reasons of this were
attributed to harvesting of maize as fodder
in kharif 1999 at the peak of its water re-
quirement stage, hence, it depleted less soil
water (due to reduced life span) than the
other kharif crops and its trash in the field
provided mulch to reduce moisture loss.
Legume based cropping system, fol-
lowed fallow-wheat and maize-wheat might
be attributed to negative correlation among
emergence, ERI and moisture contents in
legume based cropping systems (Table 8).
So, it might be concluded that moisture was
not the limiting factors for high emergence
count and rapid ERI but some other factor
were involved which have lowered both the
emergence and ERI. In legume based crop-
ping system lowest biomass harvest was an
evidence of low emergence and ERI.
Fertility maintenance treatments
have shown non-significant (P>0.05) effect
on both emergence and ERI. These results
support the conclusion drawn by Ahmad et
al. (1990), that soil fertility does not have
much affect on the seedling emergence
because the seed stored materials are uti-
lized during the germination and emer-
gence process. For higher emergence
count, FYM has followed fertilizer alone,
F+FYM and finally the control, respectively
(Table 4). So, it may be generalized that
FYM has positive effects on both high emer-
gence and ERI, while control has least ef-
fect. Ali (1998) had stated that fertilizer and
manure affect on the ionic concentration
of soil solution. The germination percent-
age obtained is not strictly a function of the
water uptake by the seed. However, the
transient exposure to high osmotic pres-
sures (low i.e., negative osmotic potentials)

can promote subsequent germination in
the soils shorten the time required for ger-
mination and increase germination per-
centage. As a result more even stands were
obtained.

Higher degree of significant positive
correlation among wheat emergence, ERI
and moisture contents in fertilizer and
F+FYM were strong evidences of positive
affects of these fertility maintenance treat-
ments on both emergence and ERI in the
context of moisture (Table 7). Higher
amounts of biomass harvest in F+FYM and
least in control has provided a valid evi-
dence of affect of fertilizer treatments on
emergence and ERI than of control.

Conclusively, results have broadened
the vision for the understanding of WSE in
the context of emergence and ERI under
rainfed conditions. Emergence and emer-
gence rate index were significantly (P<0.05)
affected by different cropping systems and
non-significantly (P>0.05) by different till-
age practices and fertilizer maintenance
treatments. Poor WSE in legume based
cropping systems compared to fallow-wheat
and maize-wheat suggested that there is
need of more comprehensive study in re-
lation to different cropping systems for suc-
cessful WSE under rainfed conditions.

LITERATURE CITED

Ahmad, S., Khan, M. and Zaheer-ul-lkram,
M. 1990. Soil and water conservation and
integrated land use in Pothwar, Paki-
stan. In: Soil Physics-Application under
Stress environment. Barani Agricul
Etural Research and Development
project (BARD), PARC, Islamabad.

Ali, S. 1998. Yield and water use in rainfed

16



WHEAT STAND ESTABLISHMENT UNDER RAINFED CONDITIONS

wheat as influenced by tillage and fer-
tilizer application on two Ustochrepts.
Pakistan J. Soil Sci. 15: 140-145.

Antapa, P.L. and Mariki, W.L. 2000. Effects
of crop rotation, tillage method and N
application on wheat yield at Hanang
Wheat farm, Tanzania. CAB Abstracts
2000/08-2002/04

Aslam, M. 1995. Agro-Economic studies on
wheat based legume and non-legume
cropping system under rainfed condi-
tions. Ph. D - Thesis. Univ. Agric.
Faisalabad, Pakistan.

David, C.N. Merie, F.V. Randy, L.A. Rudy,
A.B. Joseph, G.B. and Halvorson, A.D.
2002. Cropping systems on planting wa-
ter content and yield of winter wheat.
Agron. J. 94: 962-967.

Diaz-Zorita, M. 2000. Effect of deep tillage
and nitrogen fertilization interactions
on dry land corn (Zea mays L.) productiv-
ity. Soil Till. Res. 54: 11-19.

Drinkwater, L.E. Janke, R.R. and Rossoni,
L.L. 2000. Effect of tillage intensity on
nitrogen dynamics and productivity in
legume based cropping system. J. Plant
Soil, 227 (1-2): 93-113.

Halvorson, A. D. Wienhold, B.J. and Black,
A.L. 2001. Tillage and nitrogen fertili-
zation influences on grain and soil ni-
trogen in a spring wheat-fallow system.
Agron. J. 93 (5): 1130-1135.

Hillel, D. 1982. Introduction to soil phys-
ics. p.196-199. Acad. Press, Inc. Orlando,
USA.

Ishaqg, M. Ibrahim, M. and Lal, R. 2003. Per-
sistence of subsoil compaction effects on
soil properties and growth of wheat and
cotton in Pakistan. Exptl. Agric. 39: 341-
348

Lal, R. 1997. Residue management, con-
servation tillage and soil restoration for
mitigating greenhouse effects by CO2-
enrichment. Soil Till. Res. 43: 81-107.

Mahajan, K.K. 1996. Management of phos-
phorus and farmyard manure in maize-
wheat system in sub-humid zone of
Hiamachel Pradesh. J. Hills Res. 9 (1):
43-45.

Mitchell, S.D. 1970. Conservation tillage

17

affects root growth and dryland spring
wheat under drought. Soil Sci. Soc. Am.
J. 60: 575-583.

Mucha, V. 2001. Formation of soil aggre-
gates in tetra-culture. Soil Till. Res.
4(2):46-48.

Maguire, J.D. 1962. Speed of germination-
aid in selection and evaluation for seed-
ling emergence and vigour. Crop Sci.
176-177.

Page, A.L. Miller, R.H. and Keeney, D.R.
1982. Soil Analysis. Part 2. Chemical
and Microbiological Properties,
Agronomy Monograph No.9, 2™ edn.,
Madison, W1, USA.

Papendick, R. and Cambell, C.A. 1974.
Moisture conservation through mulch-
ing with cover crops and fallowing in the
semi-arid Canadian prairies. Soil Till-
age Res. 51(1-2): 47-59.

Rashid, A. Hussain, F. Baig, M.B. and
Bughio, N. 1994. Soil fertility status of
experimental area at NARC, Islamabad:
Basic information for research experi-
ment. Land Resources Research Insti-
tute. p. 1-16.

Razzaq, A. Munir, M. Hashmi, N.I. Hobbs,
P.R. and Majid, A. 2002. Current man-
agement practices for wheat production
in rainfed agro-ecological zone in north-
ern Punjab. Pakistan J. Agric. Res. 17(3):
201-205.

Sharma, V.K. and Singh, R. 1996. Effect of
FYM and available nutrient status in
maize-wheat sequence in rainfed sub-
mountainous condition of Himachel
Pradesh. J. Hill Res. 9:395-399.

Timsina, J. and Connor, D. J. 2001. Pro-
ductivity and management of rice-wheat
cropping systems; issues and chal-
lenges. Field Crop Res. 69(2): 93-132.

Warkentin, B.P. 2000. Tillage for soil fer-
tility before fertilizers. Canadian J. Soil
Sci. 80 (3) 391-393.

Zahid, M.S. Khokhar, M.A. Khan, H.R.
Razzaq, A. and Majid, A. 1991. Cropping
system interventions in the FSR target
area Fatehjang (Pakistan). J. Agric.
Plant Sci. 1(2): 99-102.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


