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Wheat variety Inqalab-91was intercropped with poplar (Populus deltoides) trees during ih
and 8

th
year of its age,

grown at densities of 6.10 x 366m, 9.10 x 3.66m and 12.10 x 3.66m, at Punjab Forestry Research Institute,
Faisalabad. 1000-kernel weight, test weight and grain size was higher under monocropping of wheat as
compared to intercropped wheat. Chemical analysis revealed that crude protein, crude fiber, ash and moisture
percentage was on higher side under intercropping conditions while crude fat percentage was higher under
monocropping conditions of wheat. However, these contents were in standard limits, indicating that physico-
chemical characteristics of wheat variety inqalab-91 are not negatively effected by poplar tree intercropping under

agroforestry system.
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INTRODUCTION

Wheat (Triticum aestivum) is the leading cereal grain
crop and is mainly use for food. According to Butt et al.
(1997a) in Pakistan about 80 % of the total wheat
produced is utilized in the form of an unleavened flat
bread locally known as 'chapati' and its culinary
variations while the rest 20% is used for other bakery
products such as breads, cookies, cakes and pastries.
Wheat is a staple food contributing 72% of the total
protein and calories in the daily diet of people in
Pakistan. It is grown in all parts of the country. The
share of the Punjab province in wheat area cultivation
is 75.9 % and in production it is 78.2 % (Anonymous,
2000). The area of wheat production is almost static
and no more area can be spared for wheat cultivation.
Farmer's practice intercropping of wheat with other
arable crops as well as trees under agroforestry
systems for increased wheat yield to meet domestic
food requirements and extra income through its sale
for other livelihoods.
Contrary to wheat production the province of Punjab is
deficient in wood production. State forests occupy only
2.72% area of the total landmass of the Punjab (Amjad
et aI., 1996). Out of this meager resource more than
50% forests are protective in nature and the remaining
are not producing to their full potential. Resultantly the
forest department is consistently motivating farmers to
grow trees on their farmlands to meet the ever-
increasing demand for wood and wood products.
Poplar (Populus deltoides) being a fast growing, having
multifarious uses, market potential and deciduous in
nature has gained much popularity in agroforestry
programs in the Punjab during last two decades. It is
mostly grown on irrigated farmlands in northern and
central Punjab in linear or block fashion. On public land

it is grown in irrigated plantations over an area of
1708ha (Laeeq, 1999). For first 1-2 years intercropping
of turmeric, wheat, and vegetables is done through
lessee for efficient use of resources and to give boost
to poplar tree crop. Various workers have studied that
growth of poplar trees is not affected by intercropping
wheat. Similarly the yield of wheat crop is not affected
by poplar intercropping. Anjum et al. (1998) have
indicated that the quality of wheat flour for manufacture
of chapaties, breads, cookies and cakes depends upon
conditions under which wheat is grown, the processing
conditions during milling of wheat into flour and the
chemical composition of flour. Wheat quality is
influenced both by genotype and environment (soil
type, climate and fertilizers) while the physico-chemical
characteristics play a major role in the end use
products such as bread and chapati (Butt et aI., 1997).
However no study has been carried out so far to
determine physico-chemical characteristics of wheat
grown under poplar (Populus deltoides) based
agroforestry system.
This paper presents results of the study carried to find
out physico-chemical characteristics of wheat variety
Inqalab-91 intercropped with poplar (Populus
deltoides) at various densities, during 7th and 8th
years of its age.

MATERIALS AND METHODS

Wheat variety Inqalab-91 was intercropped with poplar
trees grown at different densities of 6.10 x 3.66m (D1),
9.10 x 3.66m (D2) and 12.10 x 3.66m (D3), having sole
wheat crop plot as control (Dw) at Research garden,
Punjab Forestry Research Institute, Faisalabad. Poplar
was planted in the study area during February 1994,
using randomized complete block design, having three
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replications. Wheat grain samples were collected for
two consecutive years 1999-2000 and 2000-2001
respectively. The respective sample of each intercrop
was tested for thousand-kernel weight in grams. The
test weight expressed in kilogram/hectoliter (kg/hi) of
each sample was recorded according to the method
given in AACC (1983). The samples of wheat were
tested for grain size using RO-TAP testing sieve
shaker machine. The samples of wheat were analyzed
for (moisture, crude protein, crude fiber, ash, and ether
extract) their proximate composition according to the
method described by AOAC (1990). Analysis of
variance was carried out on the data for two
consecutive years using Computer package Mstatc.

(1997) have reported variation in 1000-kernel weight
due to differences in crop years. The results of this
study are in close agreement with the findings of Butt
et a/. (1997) and Maqsood et al. (2000).
The test weight was significantly higher in treatments
Ow, 02 and 03 as compared to 01 during the year
1999-2000. However, treatments Ow, 02 and 03 were
non-significant among themselves. The test weight
during 2000-2001 was significantly higher in treatments
Ow, and 03 as compared to 01 and 02, while
treatment 02 was significantly higher than 01while
treatments Ow, and 03 were non-significant among
themselves (Table 1). The mean values for test weight
(Table 1) indicated that it was significantly higher in
grains produced during 2000-2001 as compared to the

RESULTS AND DISCUSSION grains of 1999-2000.The test weight ranged from 75.30
Physical characteristics to 83.60 kg/hi and from 77.90 to 84.4 kg/hi during

1999-2000 and 2000-2001 respectively. Slaughter et
The thousand-kernel weight did not differ significantly a/. (1992) and Butt et al. (1997) have reported that
between different poplar tree densities during 1999- variation in test weight occurred due to differences in
2000 and was highest in control treatment (43.27g) crop years. The results are on higher side of the
followed by treatment 03 (38.67g) and 01 & 02 findings of Paliwal and Singh (1985) who reported that
(38.00) respectively. The thousand-kernel weight hectoliter weight of different wheat varieties ranged
differed significantly between different poplar densities from 73.1 to 80.0 kg/hI. Ahmad et a/. (1994) and Butt et
during 2000-2001. It was significantly higher in control a/. (1997) reported test weight of wheat variety
treatment (44.98g) compared to all the three (Inqalab-91) 75.2 kg/hi and 75.33 to 76.17kg/hl
intercropping treatments. These intercropping respectively. The test weight is an important criterion in
treatments did not differ significantly from each other. wheat grading system. The test weight above 73.4
However, the 1000-grain weight was in order of kg/hi has relatively little influence on flour yield but the
03>02>01 (41.43, 40.87 and 38.47g) respectively. low test weight than this value decreases milling yield
The mean values for 1000-kernel weight (Table 1) rapidly (Halverson and Zeleny, 1988).

Table 1. Test weight and 1000-kernel weight of wheat (Inqalab-91) under different poplar tree densities

Poplar tree 1000 Kernel weight (g) Test weight (kg/hi)
density 1999-2000 2000-2001 Mean 1999-2000 2000-2001 Mean

01 (6.1Ox3.66m) 38.00*a 38.47b 38.23b 75.30*b 77.90c 76.60c
02(9.10x3.66m) 38.00a 40.87b 39.43b 82.10a 82.00b 82.05b
03(12.10x3.66m) 38.67a 41.43b 40.05b 81.90a 83.70a 82.80ab
Ow (Sole wheat) 43.27a 46.70a 44.98a 83.60a 84.20a 83.90a

39.48a 41.87a 80.73b 81.95a

*Mean values for treatments carrying same letters in a column are not significantly different at 0.05 P.

indicated that it was not significantly higher in grains
produced during 2000-2001 as compared to the grains
of 1999-2000. The 1000-kernel weig ht ranged from
38.00 to 43.27g and from 38.47 to 46.70g during 1999-
2000 and 2000-2001 respectively.
Previous studies showed that kernel weight is not
controlled genetically alone but these are the
environmental conditions, which have main effects on
the expression of this trait (Halverson and Zeleny,
1988). Similarly, Slaughter et al. (1992) and Butt et a/.

I

Wheat grains after passing through sieves of different
mesh size were retained in sieves of size 3.35mm,
2.36mm, 2.00mm and 1.70mm. The percentage of
grains retained in each sieve ranged from 7.78-13.56
%, 82.00-85.82 %, 2.69-4.91 % and 0.64-1.83 %
during 1999-2000 season respectively. While this
percentage ranged from 18.30-41.28 %, 57.12-78.58
%, 0.77-2.88 % and 0.26-0.83 % during 2000-2001
season respectively (Table 2). The results showed that
maximum percentage of grains felled between 3.35 to
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2:36 m~ size category (Table 2). The variation in grain the other side is controlled both by genotype as well as
size dunng both years may be attributed to variation in non-genetic factors (Butt et aI., 1997). The variation in
growthenvironment. CF contents during both the years may be ascribed

Table 2. Percent of wheat grains in various size classes (mm) under different poplar tree densities

Wheat grain size classes (mm)

Poplar tree density 1999-2000 2000-2001

3.35 2.36 2.00 1.70 3.35 2.36 2.00 1.70

01(6.1x3.6m) 7.78 85.82 4.91 1.49 18.30 78.58 2.88 0.26

02(9.1x3.6m) 10.27 84.30 3.60 1.83 29.57 67.83 1.80 0.80

03(12.1x3.6m) 13.56 82.00 2.69 1.75 30.02 68.40 1.49 0.29

Ow (Solewheat) 12.19 83.94 3.23 0.64 41.28 57.12 0.77 0.83

The existence of variation in results regarding grain
weight and size among various poplar tree densities
may be ascribed to the differences in microclimate of
different treatments created by the poplar trees having
different spacing compared to control (sole wheat) plot.

Chemical characteristics

The mean values indicated that crude protein (CP)
content ranged from 12.03-12.57 % and 12.03-13.12 %
in 1999-2000 and 2000-2001 crop respectively (Table
3). The comparison of mean values for CP content
showed that its contents were not significantly different
for all the treatments during 1999-2000. However,
during 2000-2001 they were significantly higher in
treatment 02 and lower in 03 compared to control
treatment. Butt et al. (1997) reported that CP content in
wheat is influenced both by genetic as well as
environmental factors. It has been reported by Kent
(1986) that CP content varied from 6 to 21 % among
different wheat's and is mainly influenced by edaphic
factors like soil, climatic conditions, use of fertilizers,
etc. The variation in CP among different treatments
during 2000-2001 may be attributed to different relative
microclimate prevailing among different treatments due
to trees. The CP content of various treatments was in
standard limits indicating that wheat intercropping with
poplar trees does not have negative effect on its CP
content.
Fat content decreased with increase in canopy closure
compared to control plot significantly during both the
years (Table 3). The fat content has direct relationship
with sunlight reaching the plant. Hence more sunlight
available to the wheat more will be the fat content.
The mean values for crude fiber (CF) indicated that it
varied significantly among treatments and ranged from
2.48-2.58 % and 2.40-2.51 % during 1999-2000 and
2000-2001 respectively (Table 3). CF content in wheat
is influenced by grain size, smaller the grains in size
less will be the CF and vice versa. The grain size on

•

mainly to variation in micro-environmental conditions
prevailing in different treatments due to poplar trees.
However, CF contents in all the treatments were in line
with the range (1.8-2.5%) given by Harold et al. (1990).
Butt et al. (1997) reported CF content in wheat variety
Inqalab-91 2.45% during 1993-94 and 2.5% during
1994-95. Ahmad et al. (1994) reported CF content
1.95% in wheat variety Inqalab-91.
Ash content percentage also varied among different
treatments significantly during both years (Table 3). As
the quantity of ash in wheat grain is dependent upon
grain size so it is also influenced both by genotype as
well as non-genetic factors (Butt et aI., 1997). Smaller
the grains in size more will be the ash and vice versa.
The variation in ash contents during both the years
may be ascribed mainly to variation in micro-
environmental conditions prevailing in different
treatments due to poplar trees. However, ash contents
in all the treatments were in line with the range (1.2-
2.0%) given by Harold et al. (1990). Butt et al. (1997)
reported ash content in wheat variety Inqalab-91
1.42% during 1993-94 and 1.2% during 1994-95.
Ahmad et al. (1994) reported 1.43% ash in the same
wheat variety.
The mean values indicated that moisture content
ranged from 10.20-11.00 % and 10.43-11.30 % in
1999-2000 and 2000-2001 crop respectively (Table 3).
The moisture content differed significantly among
various treatments during both the years and it was
higher during 2000-2001. Moisture content was higher
in treatments having trees as compared to sole wheat
crop. It is well documented that there are many genetic
and non-genetic factors, which may alter the moisture
contents of wheat grain. The environmental factors as
well as the storage conditions due to hygroscopic
nature of the grain mainly influence the moisture
content of wheat grains (Butt et aI., 1997). The
moisture content observed in both years among wheat
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treatments generally felled within the safe limits (10-
14%) of storage (Harold et al.,1990). Butt et al. (1997)
reported moisture in wheat variety Inqalab-91 10.55%
during 1993-94 and 11.2% during 1994-95 while
Ahmad et al. (1994) reported 9.82% moisture in this
wheat variety.
The quantitative differences in the various chemical
characteristics of wheat variety Inqalab-91 may be
largely ascribed to influence of poplar tree density as
all the agronomic and environmental conditions were
uniform during the wheat crop growing seasons. The
results showed that poplar trees intercropping at any
spacing, however, do not influence quality of wheat.
Poplar trees have effects on grain weight and size, but
the effects decreased with the increase in spacing.
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