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Abstract 

Stress on the agro-qualitative traits of soybean is oftenly observed in maize-soybean intercropping system 
due to the expected shadding effect of the companion crop. Canopy manipulation of maize would pave the 
role to improve the productivity and land equivalent ratio of maize-soybean intercropping system. Keeping 
in view the above mentioned facts, an experiment was carried out at Agronomic field area, University of 
Agriculture Faisalabad in autumn 2020 and repeated it in autumn 2021. In these experiments, treatments 
based upon canopy manipulation of maize  (T1: Sole soybean plantation, T2: Sole maize plantation without 
leaf removal and detasseling, T3: Sole maize plantation with removal of 2 top leaves, T4: Sole maize 
plantation with detasseling, T5: Sole maize plantation with removal of 2 top leaves and detasseling, T6: 
Maize intercropping with soybean without leaf removal and detasseling of maize, T7: Maize intercropping 
with soybean with removal of 2 top leaves of maize, T8: Maize intercropping with soybean with detasseling 
of maize and T9: Maize intercropping with soybean with removal of 2 top leaves and detasseling of maize) 
were studied. Randomized Complete Block Design was followed for this experimentation under three 
replications. Growth and the yield influencing variables were critically studied by following the standard 
procedures. Fisher’s analysis of variance techniques was used to analyze the recorded data and 
treatments’ means were compared by Least Significant Differences (LSD) test at 5% probability level. 
Results revealed that during both the years (autumn 2020-21 and autumn 2021-22), all treatments had a 
substantial effect on maize and soybean yield and growth-related metrics. In case of maize, throughout 
both years, maximum grain yield (7.90 t ha-1 and 7.89 t ha-1), biological yield (25.64 t ha-1 and 24.55 t ha-1), 
leaf area index (LAI) and crop growth rate (CGR) were found with treatment T2 (Sole maize plantation 
without leaf removal and detessaling). However in case of soybean, maximum grain yield (1.99 t ha-1 and 
1.97 t ha-1), biological yield (5.70 t ha-1 and 5.68 t ha-1), leaf area index (LAI), crop growth rate (CGR) were 
observed with treatment T1 (Sole soybean plantation). While minimum values of all of these parameters of 
maize were reported with treatment T9 (Maize intercropping with soybean with removal of 2 top leaves and 
detasseling of maize) and of soybean were reported with treatment T6 (Maize intercropping with soybean 
without leaf removal and detasseling of maize). Overall, during both study years, maximum land equivalent 
ratio (LER) (1.34 and 1.23) were recorded in treatment T9 (Maize intercropping with soybean with removal 
of 2 top leaves and detessling of maize). The present investigations conclude that with removal of 2 top 
leaves and detasseling of maize canopy manipulation technique would be a feasible and economical 
strategy for the attraction of the farming community of maize belt in Punjab, Pakistan. 
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INTRODUCTION 

In the world’s agriculture economy, maize is considered one of the most important cereals 
for human beings (33.3%) and feed/fodder (66.6%) for animals [10]. There is a need to 
develop such a cropping system which can sustain the production and soil fertility [1]. 
Soybean (Glycine max L.) is considered a miracle crop because of its higher contents of 
protein (38-40%), edible oil (18-22%), essential amino acids, minerals and vitamins. It is 
also used to treat chronic illnesses including cancer and heart attack [23].  

There is a pressing need to build such a type of patterning which permits intercropping 
[14]. Poly-Culture, especially inter-cropping, is a beneficial approach round the world. It 
is beneficial for the farmer as it provides sustainable yields [12]. In Pakistan the areas 
where irrigated agriculture is practiced and ample sunlight is available, polyculture can be 
an economically viable option for the small growers with respect to sustainability and 
productivity. Solar radiation has a vital role in crop production [5]. shadowing conditions 
are prevalent in agricultural fields because of the high planting density required for full 
light capturing, and almost all crop plants experience shadowing during their growth 
phase. [6]. Shadowing inhibits leaf area development [27] and decreases photosynthesis 
in the leaves [7], which ultimately reduces total biomass production which results in crop 
yield reduction [16],[11]. Light deficiency during grain filling affects the photosynthesis 
capability of maize leaves, because the top canopy reduces the transmission of light to 
lower leaves by 19%, depending on the variety. [4]. 

Leaf elimination has been found to alter nitrogen uptake in plants. For example, removing 
two leaves from the upper part of the maize canopy improved N accumulation as well as 
distribution in maize grains [21], and also enhanced the uptake of P and K at maturity 
stage under an intercropping system [17]. Previously, it has been demonstrated that 
middle stratum leaves of maize supply more carbs and nutrients to seeds as they are 
more adept at using sunlight than other leaves [28],[24]. In Pakistan, most of maize 
hybrids don’t have erect type leaves, so shadding effect for soybean on later stages is 
very common. This study aims to look at the effects of maize canopy manipulation 
technique to enhance productivity and land equivalent ratio of maize soybean 
intercropping system. 
 
MATERIALS AND METHODS 

Research Location and Planting Material Details 

This study was conducted in 2020-21 and 2021-22 at Agronomic Research Area, 
University of Agriculture, Faisalabad (31.25° N, 73.09° E, altitude 184 m). Semi-erect YH-
5427 maize hybrid from maize and millet research institute Yousaf Wala, Sahiwal and the 
NARC-16 soybean variety were used in both years of experimentations. 

Crop Husbandry  
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In the experiment, In case of sole maize plantation, 75 cm apart ridges were used and 
plant to plant distance of 17.5 cm was maintained.  

 

In case of sole soybean, 75 cm apart ridges were used and plant to plant distance of 10 
cm was maintained and both sides of four ridges were used for soybean plantation. 

In case of maize-soybean intercropping (75 cm apart ridges were used), both sides of 1st 
and 4th ridges were used to grow maize plants (4 rows). However, both sides of 2nd and 
3rd ridges were used to maintain four rows of soybean. Plant to plant distance for maize 
and soybean was 17.5 cm and 10 cm respectively. In case of soybean plantation only 
one seed of soybean was placed per hill. So, it was the combination of 4+4 (Four rows of 
maize and four rows of soybean in one plot). 

 

The trial was included both broad and narrow leave crops therefore to control the weeds 
in it, pre-emergence weedicide, Stomp (Pendi-methalin) + Dual Gold (S-metolachlor) and 
post-emergence weedicide, Atrazine was used. Regarding nutrients management, 250 
kg ha-1 nitrogen, 125 kg ha-1 phosphorus and 125 kg ha-1 potassium (recommended rates 
for main crop i.e. maize) was applied by using Urea, Single super phosphate (SSP) and 
Sulphate of potash (SOP). However, no extra fertilizer was applied for soybean. Total 
amount of Phosphorus and potassium was applied at sowing whereas nitrogen was 
added from Urea in three splits that were at sowing, at 4-6 leaf stage and at flowering. 
For sowing, manual dibbling was carried out for both the crops in all the treatments. 

Grain Yield (t ha-1) 

After harvesting of maize and sun drying, the cobs were shelled with the help of 
mechanical sheller and yield was recorded on per plot basis. Later it was converted into 



Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 67 Issue 08 | 2024 
DOI: 10.5281/zenodo.13292281 

Aug 2024 | 245 

tons per hectare. Similarly, for soybean when crop was at maturity, harvesting was done 
with sickles. After sun drying, seeds were collected from pods of each plot and seed yield 
was determined in kg per plot which then changed to tons per hectare (t ha-1). 

Biological Yield (t ha-1) 

At maturity, maize was harvested; plants were tied up into small bundles and left in their 
respective plots for sun drying. Sun-dried bundles were weighed and biological yield of 
each experimental unit was recorded which was then converted into tons per hectare. 
Similarly At maturity soybean plants were harvested and left in their respective plots for 
sun drying. After few days, sun-dried bundles were weighed and biological yield of each 
experimental unit was recorded which is then then converted into tons per hectare. 

Harvest Index (%) 

Harvest index is the ratio of grain yield to biological yield expressed in terms of 
percentage. Harvest index was calculated by formula recommended by Beadle (1987).  

Harvest Index (%) = (Grain yield/Biological yield) x 100 

Leaf Area Index (LAI)   

Ten randomly selected maize and soybean plants were taken from each experimental 
plot and their leaf area was measured by simply multiplying their length by width of 
respective leaf and then multiplying with crop-specific coefficient factor of 0.70 and 0.75 
respectively (Gao et. al., 2013). 

By using the following equation, the leaf area index of maize was calculated as 

 

Crop Growth Rate (CGR) gm-2day-1 

CGR values were estimated with 15 days interval for both crops as described by Hunt 
(1978). According to formula, crop growth rate (g m-2 day-1) was calculated as: 

 

Where W1 and W2 are total dry weights harvested at times T1 and T2, respectively. 

 

Intercropping Parameters 

Land equivalent ratio (LER) 

The following equation was used to determine land equivalent ratio: 
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 LER = LER Maize + LER soybean 

 LER Maize   = (Yyz / Yyy) 

           LER soybean   = (Yzy / Yzz) 

 Yyz = Yield of maize in intercropping 

 Yyy = Yield of sole maize  

           Yzy = Yield of soybean in intercropping 

 Yzz = Yield of sole soybean 
 
RESULTS 

Yield Parameters of Maize 

All treatments had significant impact on grain yield (t ha-1) and biological yield (t ha-1) 
during twice years (Autumn 2020-21 and Autumn 2021-22) at 5% probability level. 
Maximum grain yield (7.90 and 7.89 respectively) and biological yield (25.64 and 24.55 
respectively) were reported in treatment T2 (Sole maize plantation without leaf removal 
and detasseling) however, minimum grain yield (6.30 and 6.29 respectively) and 
biological yield (19.47 and 19.25 respectively) were recorded in T9 (Maize intercropping 
with soybean with removal of 2 top leaves and detasseling of maize). There was a positive 
and high association between grain yield and biological yield for both research years and 
in pooling.  

Physiological Traits of Maize 

Canopy manipulation treatments had significant impact on harvest index of maize in 
maize soybean intercropping in both the years (Autumn 2020-21 and Autumn 2021-22) 
at 5% probability level. Maximum harvest index (33.04 and 34.24 respectively) were 
recorded with treatment  T5 sole maize plantation with removal of 2 top leaves and 
detasseling however, minimum harvest index (30.85 and 32.76 respectively) were 
recorded with T2 (Sole maize plantation without leaf removal and detasseling).(Table.1) 

Impact of canopy manipulation in maize-soybean intercropping system on LAI showed 
significant variation from 30 to 90 DAS in different canopy manipulation treatments during 
both years (Autumn 2020-21 and Autumn 2021-22). Highest values of LAI (0.39, 1.65, 
3.65, 2.64, 0.91 and 0.39, 1.59, 3.69, 2.62, 0.89) after 30, 45, 60, 75 and 90 DAS 
respectively were recorded in treatment T2 where sole maize plantation without leaf 
removal and detasseling. However, lowest values of LAI (0.33, 1.39, 3.45, 2.43 0.79 and 
0.32, 1.39, 3.43, 2.39, 0.76) at 30, 45, 60, 75 and 90 DAS respectively was reported with 
treatment T9 where maize intercropping with soybean with removal of 2 top leaves and 
detasseling of maize (Figure 1) 

Crop growth rate showed significant variation from 45 to 90 days after sowing in different 
canopy manipulation treatments. Highest values during both the years (Autumn 2020-21 
and 2021-22) of CGR (5.58, 10.22, 16.29, 11.55 and 5.55, 1.18, 16.26, 11.5) were 
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reported at 45, 60, 75 and 90 DAS respectively in T2 where Sole maize plantation without 
leaf removal and detasseling was followed. While, the lowest values of CGR (4.28, 10.04, 
15.22, 10.12 and 4.26, 10.02, 15.17, 10.08) were recorded at 45-90 DAS respectively 
having 15 days interval with treatment T9 where Maize intercropping with soybean with 
removal of 2 top leaves and detasseling of maize was followed.(Figure.2). 

Table 1: Impact of canopy manipulation of maize in maize-soybean intercropping 
on grain yield, biological yield and harvest index of maize and soybean during 

autumn 2020-21 and autumn 2021-22 

 

Discussion for Maize 

Leaves are thought to be the principal source of assimilates for grain filling and, ultimately, 
grain production. This may be attributed to genetic potential and transfer of more 
assimilates when no leaf was removed. On the other hand where leaves were removed 

Maize Soybean Maize Maize Soybean

T1 - 5.70 a 1.99 a - 34.93

T2 25.64 a - - 30.85 b -

T3 22.89 bc - - 32.76 a -

T4 23.79 b - - 31.64 ab -

T5 21.98 cd - - 33.04 a -

T6 21.37 de 2.62 c 0.71 c 31.35 ab 27.33

T7 20.62 ef 2.90 bc 0.86 bc 31.58 ab 29.58

T8 20.76 de 2.99 bc 0.95 b 30.91 ab 32.29

T9 19.47 f 3.26 bc 0.99 b 32.43 ab 30.57

LSD 1.2396 0.4463 0.1947 1.7013 -

T1 - 5.68 a 1.97 a - 34.92 a

T2 24.55 a - - 32.18 b -

T3 22.87 b - - 32.76 ab -

T4 23.07 b - - 32.49 ab -

T5 21.51c - - 34.24 a -

T6 20.94 cd 2.61 c 0.70 c 31.97 b 27.66 b

T7 20.29 de 2.85 bc 0.85 bc 32.03 b 30.12 ab

T8 20.01 d 2.90 bc 0.93 b 31.90 b 32.37 ab

T9 19.25 e 3.22 b 0.98 b 32.70 ab 30.66 ab

LSD 1.08 0.5654 0.1939 1.8377 6.3839

6.69 c

6.49 cd

6.38 de

6.29 e

0.1563

6.50 e

6.41 ef

6.30 f

0.1204

2021-2022

-

7.89 a

7.48 b

7.49 b

7.35 b

Harvest Index

(%)

Soybean

2020-2021

-

7.90 a

7.49 b

7.52 b

7.26 c

6.69 d

Years Treatments

Biological Yield

(t ha-1)

Grain Yield

(t ha-1)
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less grain weight was recorded because due to removal of leaves less assimilates was 
transferred to grain. [15]  

Supporting these findings who concluded that the leaf removal procedures had a 
considerable impact on maize grain production. The top leaves in maize have an 
important function in photosynthesis which provides energy needed for grain filling when 
the top leaves are removed; the plants ability to produce and transport carbohydrates to 
the developing cob or seeds are compromised. As a result, there can be a reduction in 
grain filling, leading to smaller cobs, fewer seeds, and potentially lower maize yield.  

Different canopy manipulation of maize had a substantial impact on cob length [18]. 
Differences in maize ear characteristics are influenced by genotype and environmental 
factors [19]. Biological yield is the consequence of morphological and physiological 
processes taking place within the plant. Leaves have a significant role in plant biomass 
production. Leaves act as a food factory for plants. This was due to transfer of more 
assimilates in source sink relationship. On the other hand where defoliation was followed 
less assimilates was translocated to the plant body that resulted into lower biomass 
production.  

The results are same with [16] who concluded that biomass production and nutrient 
uptake are affected by defoliation of maize plants. Harvest index depicts the splitting and 
transference of assimilates into economic yield. It determines how much dry matter was 
transformed into economical yield. The difference in harvest values in different canopy 
manipulation techniques was may be due to shading effect of maize on soybean. There 
are two simple and important measures for evaluating cereal performance: aboveground 
dry matter production and harvest index [3].  

Leaf area index was recorded maximum where no leaf removal was followed because 
more number of leaves resulted into more total leaf area. These findings are further 
confirmed by [17] who demonstrated that maize leaf removal affected the LAI of both 
crops in maize soybean intercropping. Crop growth rate is an expression of the increase 
in dry matter generation of the crop per unit land area per unit time.  

More vegetative growth can be ascribed to improved crop growth rate. When no leaves 
were removed more total dry matter was recorded that resulted in higher CGR. On the 
other hand where leaves were removed less crop growth rate was recorded because of 
less dry matter production. The same results are produced by [16] who stated that maize 
leaves removal affected the CGR of both crops in maize soybean intercropping. 
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Figure 1: Impact of canopy manipulation of maize in maize soybean intercropping 
on leaf area index of maize (a,b) and soybean (c,d)mn 2020-21 and 2021-22 

respectively 

Yield Parameters of Soybean 

Impact of canopy manipulation of maize on seed yield (t ha-1) and biological yield (t ha-1) 
of soybean intercropped with maize demonstrated that all treatments had significant 
impact on soybean seed yield during both of the study years (Autumn 2020-21 and 2021-
22) at 5% probability level. During both the autumn seasons of 2020-21 and 2021-22, 
maximum seed yield (1.99 and 1.97 respectively) and biological yield (5.70 and 5.68 
respectively) were recorded with sole soybean (T1) while minimum seed yield (0.71 and 
0.70 respectively) and biological yield (2.62 and 2.61 respectively) were recorded where 
maize was intercropped with soybean without leaf removal and detasseling (T6).(Table.1) 

Physiological Parameters of Soybean 

Data about the impact of canopy manipulation of maize on harvest index (%) of soybean 
in maize soybean intercropping demonstrated that all treatments had non-significant 
impact on understudied parameter during first year (Autumn 2020-21) of experimentation 
and significant effect during the second year (Autumn 2021-22) at 5% probability 
level.(Table.1) 

Leaf area index during both years (Autumn 2020-21 and Autumn 2021-22) showed 
significant variation from 30 to 90 DAS in different planting methodologies. Highest values 
of LAI (0.43, 1.58, 3.90, 2.87, 0.91 and 0.43, 1.58, 3.89, 2.89, 0.30) after 30, 45, 60, 75 
and 90 DAS respectively were recorded in treatment T1 where sole soybean plantation 
was followed. However, lowest values of LAI (0.39, 1.43, 3.81, 2.70, 0.83 and 0.34, 1.46, 

(a) (b) 

  
(c)  (d)  
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3.79, 2.66, 0.22) at 30, 45, 60, 75 and 90 DAS respectively were reported with treatment 
T6 where maize intercropping with soybean with no leaf removal and no detessaling was 
followed (Fig. 1). The correlation analysis revealed a favorable relation between grain 
yield and the LAI (Fig.3) during individual years and in pooled value. 

Crop growth rate during both the years (Autumn 2020-21 and Autumn 2021-22) showed 
significant variation from 45 to 90 days after sowing due to canopy manipulation 
treatments. Highest CGR (0.32, 0.48, 0.96, 0.66 and 0.3, 0.47, 0.94, 0.65) at 45, 60, 75 
and 90 DAS respectively) in T1 where sole soybean plantation was followed while, the 
lowest CGR (0.21, 0.4, 0.85, 0.43 and 0.19, 0.37, 0.82, 0.4) at 45, 60, 75 and 90 DAS 
respectively) in treatment T6 where maize intercropping with soybean without leaf removal 
and detasseling of maize was followed (Fig. 2). The correlation analysis demonstrated a 
positive association among grain yield and crop growth rate (Fig. 3) during both years 
and in pooled value. 

Discussion for Soybean 

In canopy manipulation treatments in maize soybean intercropping, the maximum seed 
yield was produced in T9 where maize intercropping with soybean with removal of 2 top 
leaves and detasseling of maize was followed. This might be due to increased lighter 
environment to soybean after removing the top 2 leaves and detasseling of maize.  
Soybean plants were highly sensitive to shading conditions [24],[8]. Wide-row spacing 
resulted in higher intercrop yields than narrow-row spacing, owing to increased light 
interception (Wang et al., 2015). These results are also in quiet agreement with those 
reported by [13] who studied that there is increase in soybean seed yield with increasing 
the intensity of light. 

Biological yield determines the growth and development during the life span of the crop. 
It contributes directly to crop yield through the production and allocation of 
photosynthates. Crops having maximum biomass convert maximum assimilates for seed 
yield. Soybean is very sensitive plant in the sense of light as results of research showed 
less biological yield in intercropping treatments because soybean had to face so much 
competition due to dominance of maize plants. [9] Concluded similar results that planting 
methodologies had significant impact on the biomass accumulation of both crops in 
intercropping. 

Leaf area index (LAI) is a main factor regulating the interception of radiation, canopy 
photosynthesis and yield. The increase in LAI reflects the general crop trends that rising 
plant density raises the leaf area index because greater area is occupied by the green 
canopy of plants per unit area. T1 treatment (No leaf removal and no detasseling) shows 
higher LAI than the other canopy manipulations treatments which is might be due to that 
in T1 There is no removal of top leaves and detasseling occurs. The large change in 
soybean LAI owing to canopy alterations may be related to limited solar radiation the 
soybean received due to shadow from the maize plant. These findings were further 
supported by [16] who stated that different planting geometries affect the LAI of soybean 
in M-S intercropping. Crop growth rate indicates efficiency of a crop for using input 
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resources and producing assimilates for production of economic yield of plant. More 
vegetative growth can be ascribed to improved CGR as in treatment T1.The same results 
were also reported by [22] who determined that throughout the early period, particularly 
after 30 DAG, the CGR rises dramatically until 75 DAS, when it gradually declines. 

 

Figure 2: Impact of canopy manipulation of maize in maize soybean intercropping 
on crop growth rate of maize (a,b) and soybean (c,d)during 2020-21 and 2021-22 

respectively 

 

Figure 3: Relation among leaf area index and crop growth rate with grain yield in 
maize (a,b) and soybean (c,d) during 2020-21 and 2021-22 

(a) (b) 

 
 

(c) (d) 

  
 

(a) (b) 

  
(c) (d) 
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Intercropping Parameter 

Land Equivalent Ratio (LER)  

All treatments in which intercropping was followed, significant improvement in LER value 
(more than 1) was observed in comparison with sole cropping. Maximum LER (1.34 and 
1.23) was recorded in treatment T9 (Maize intercropping with soybean with removal of 2 
top leaves and detessling of maize) during both years (Autumn 2020-2021 and Autumn 
2021-22 respectively). However, minimum LER (1.25) was recorded with treatment T6 
where maize intercropping with soybean without leaf removal and detesseling during 
(Autumn 2020-21) and LER (1.16) was recorded in treatment T8 where maize 
intercropping with soybean with detessling of maize during (Autumn 2021-22) was 
followed (Table.2). 

Table 2: Impact of canopy manipulation of maize in maize soybean intercropping 
on land equivalent ratio during autumn 2020-21 and 2021-22 

 
 
CONCLUSION 

It is concluded that with removal of 2 top leaves and detasseling of maize canopy 
manipulation technique would be a feasible and economical strategy in intercropping of 
maize soybean during autumn season for the attraction of the farming community of 
maize belt in Punjab, Pakistan. 
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Maize Soybean Total Maize Soybean Total

T6: Maize intercropping with soybean without 

leaf removal and detesseling
0.84 0.41 1.25 0.88 0.32 1.2

T7: Maize intercropping with soybean with 

removal of 2top leaves of maize
0.86 0.46 1.32 0.88 0.34 1.22

T8: Maize intercropping with soybean with 

detessling of maize
0.86 0.41 1.27 0.86 0.3 1.16

T9: Maize intercropping with soybean with 

removal of 2 top leaves and detessling of maize
0.83 0.51 1.34 0.88 0.35 1.23

Treatments
2020-21 2021-22
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