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ABSTRACT

The yield of any crop depends on the capacity of a plant canopy to intercept and efficiently use the
sunlight, which is dependent on canopy architecture of a plant viz., leaf size, shape and angle,
number of leaves and branches, and a crop geometry viz., row orientation, row spacing, plant
geometry, plant density, etc. The amount and distribution of leaf area in a crop canopy determine
the way, by which, the photosynthetic active radiation is intercepted and consequently it influences
the canopy photosynthesis and yield. The balance between the source and sink significantly
contributes towards the higher accumulation of photosybthates Cropping geometry of a plant/crop
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affects the radiation use efficiency, intercepted photosynthetic active radiation (IPAR) and thereby
the biological and economical yield of a crop. Optimum plant population stand and its density and a
planting pattern with adequate spatial arrangement are important cultural factors that increase

radiation interception and yield production.

Keywords: Plant canopy; row spacing; row orientation; plant density; plant architecture; radiation use;

light interception; source to sink ratio.
1. INTRODUCTION

Canopy, which is the structure of aerial
vegetative part with special reference to size,
orientation, density and arrangement of leaves,
influences the penetration and interception of
radiant energy. Light absorption being one of the
driving forces behind plant photosynthesis is an
important factor for determining crop yield, and at
the same time, it is highly dependent on single
plant architecture and overall canopy structure
[1], which can be administered by managing
agronomical practices such as row orientation,
planting geometry, row spacinplant density, leaf
area and leaf area index (LAI), pruning, training,
total number of yielding branches and nodes etc.
Therefore, the solar radiation interception can be
increased by enhancing ground cover depending
upon leaf area index, which is defined as the
total leaf area per unit ground area, resulting in
higher dry matter production. The optimum LAl is
prerequisite for higher dry matter production
since LAl above optimum causes mutual
shedding of leaves, resulting in negative net
assimilation. Optimum LAl varies with crop and
its leaf orientation, as the crops with horizontal
leaf orientation have the LAI value 3 to 4 and the
crops with upright leaf orientation have the LAl
value 6 to 9. Increasing solar radiation above
compensation point- light intensity at which the
photosynthesis and respiration rates are equal,
increases the rate of photosynthesis. The light
intercepting factors influencing the growth and
development of crop and weeds in the field are
discussed as under:

2. ROW ORIENTATION

The crop orientation  affects the
photosynthetic efficiency and canopy
temperature since it impinges on solar radiation
interception by the crop canopy. A uniform
distribution and proper orientation of plants over
a cropped area are needed for greater light
interception throughout the crop profile and
maximum photosynthetic efficiency by all plant
leaves. Diepenbrock et al. [2] concluded that
sunflower planted in east-west direction yielded

row

12% higher oil yield than the crop planted in
north-south direction rows due to greater number
of branches m? aboveground biomass and
harvest index. Mahto [3] experimented with 45
genotypes of Brassica juncea at Ranchi and
observed that the genotypic coefficient of
variation of plants sown with east-west row
orientation was greater as compared to the
plants sown with north-south orientation for
number of seeds per siliqua, humber of siliquae
per plant, number of secondary branches per
plant, test weight and seed yield per plant. While
working with two phenotypically different mustard
varieties (erect and spreading type), Jha et al. [4]
obtained significantly higher yield from the crop
sown east-west direction (1325 kg ha™) as
compared to broadcast (1291 kg ha™) and north-
south (1267 kg ha'l) sown crops, thus, the
farmers should opt east-west direction sowing
when they are going to select erect plant type
and short duration mustard varieties in respect of
more oil seed productivity, RUE and yield,
otherwise, they may safely go for longer duration
spreading type varieties, which are less affected
by sowing direction in respect of oil productivity.
Pandey et al. [5] observed that the grain yield of
wheat was significantly higher (11%) when the
crop was sown in north-south direction as
compared to the crop sown in east-west direction
since the crop sown in north-south direction
intercepted more solar radiation and had
significantly lower canopy temperature especially
at reproductive stage, resulting in higher net
assimilation rate and thus contributed to higher
grain yield. Among the row orientation, the east-
west sown rapeseed mustard recorded
significantly higher yield and yield attributes [6],
harvest index [7] and radiation interception
efficiency than north-south sown crop [8].
However Lunagaria and Shekh [9] did not found
any significant influence of different row
orientation on leaf orientation and direct beam
radiation interception in wheat.

3. ROW SPACING

Row spacing requirement of a crop depends on
architecture and growth pattern of the varieties. If
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a crop is sown at too wider row spacing, the solar
radiation that falls between crop rows remains
underutilized. On the other hand, the crop sown
at too narrow spacing suffers from mutual
shading. Moreover, the yield of crop spaced too
narrow is reduced due to increased competition
among the plants for nutrients, moisture, space
and light. Gunri et al. [10] found in rice that closer
plant spacing (15x15 cm) resulted in significantlzy
higher panicle length, number of panicle m™,
number of fertile grains panicle'l and grain yield
over wider spacing (20x15 cm). Shinde et al. [11]
reported that wider row spacing of 30 cm
resulted in significantly higher grain (9.53 t ha™)
and straw (12.79 t ha™) yield of ‘Sahayadri
hybrid rice because of significantly higher
number of panicles m’? (292), panicle length
(25.78 cm) and test weight (26.94 g) over the
plant attributes at closer row spacing of 25 cm.
Pol et al. [12] also reported significantly higher
number of panicles hill" (12.25) and panicle
weight hill’* (34.13 g) and grain vyield of
‘Sahayadri’ hybrid rice at Dapoli with wider plant
spacing (20x20 cm) as compared to narrow
(15%10, 20x15 and 20x10 cm) plant spacing.
Rautaray [13] observed that skipping one row
after every three rows at 15x15 cm spacing and
providing optimum fertilizer dose resulted in
highest grain yield in rice-rice cropping system at
Assam during wet (4.51 t ha‘l) and dry (5.27 t ha’
!y season. Jalil [14] affirmed that the rice cv.
BRRI Dhan 29 gave highest grain yield (5.87 t
ha™) at 25 cm row spacing as against the grain
yield (4.3 t ha™) at 20 cm row spacing under
aerobic conditions. Avasthe [15] observed
highest water use efficiency (2.879 kg ha’lmmz,
grain yield (6.73 t ha'l), nitrogen (84.3 kg ha™)
and potassium (84.3 kg ha'l) uptake, net return
(Rs. 72,750) and benefit to cost ratio (2.09) at a
spacing of 20x20 cm in rice at Tandong, Sikkim.
Kandil et al. [16] that planting of rice at 20x15 cm
spacing resulted in highest panicle length, test
weight, grain vyield, harvest index as well as
milling, head rice percentage and protein
content. Jena et al. [17] recorded significantly
maximum plant height (70.9), effective tillers hill™
(8.13), LAI (5.13), leaf area duration (252.9
days), dry matter production hill™ (34.41 g), root
volume hill™* (26.1 cc), root weight hill™* (3.83 g),
crop growth rate (126.07 g m"z), relative growth
rate (64.79 mg g day"l), net assimilation rate
(7.37 g m” leaf area day"l), panicle length (26.1
cm), fertile spikelet panicle'1 (106.7), test weight
(23.07 g) and grain yield (5.87 t ha™) at plant
spacing of 15x15 cm at CRRI, Cuttack Orissa.
According to Uddin et al. [18], the rice plant
height, total tillers hill* and effective tillers hill™*

were significantly higher at plant spacing of
15x15 cm than at other spacing. The panicle
length (22.0 cm), number of grains panicle™
$195'8) and grain yield of aerobic rice (57.3 g ha
) were significantly higher at 45 cm plant
spacing at UAS, Bangalore [19]. The plant height
(90.9 cm), number of tillers hill™* (26.5), panicle
length (19.6 cm), number of seeds panicle™
(200.4) and seed index (2.2 g) were significantly
higher at a spacing of 30x40 cm as compared to
the crop planted at other spacing, however, the
grain yield (47.2 q ha'l) was significantly higher
at 30x15 cm spacing under aerobic rice
conditions at ZARS, V.C. Farm, Mandya,
Karnataka [20]. Among the three plant spacing
(5%15, 20x20 and 25%25 cm), Bozorgi et al. [21]
obtained the maximum rice grain yield (3415 kg
ha'l) at 15x15 cm plant spacing. Banerjee and
Pal [22] concluded that plant spacing had an
outstanding influence on more or less all the
yield-attributing traits and crop yield and
recorded increased panicle length, filled grains
panicle™ and test weight significantly with wider
spacing at West Bengal. In Bangladesh, Sultana
et al. [23] obtained higher grain yield of Boro rice
cv. BRRI Dhan 45 planted at a spacing of 25x15
cm under aerobic system of cultivation (5.69 t ha’
) as compared to the grain yield (2.11 t ha™)
obtained at 20x25 cm spacing due to improved
number of effective tillers hiII'1(13.11). According
to Rasool [24], plant spacing caused variation in
yield parameters of rice, the number of effective
tilers m™ being maximum under 15x15 cm
spacing and lowest under 20x20 cm spacing,
which might be due to the more number of plants
at closer spacing than the plants at wider
spacing, thus, 15x15 cm spaced crop gave
significantly more grain and straw yield than at
15x20 and 20x20 cm spacing.

In wheat, Chhokar et al. [25] noticed that closer
row spacing of 15 cm with 50% higher seed rate
and cross sowing showed distinct advantage in
reducing the weed population, dry weight and
herbicide requirement and they also found the
cross sowing at spacing of 22.5x22.5 cm to have
favourable effect on crop yield by providing better
plant orientation. Dahiya et al. [26] observed in
two rowed malt barley cv BH885 that row
spacing of 18 cm gave significantly higher grain
and malt yield as compared to 22 cm but was at
par with 20 cm spacing. Mondal et al. [27]
showed that wider spacing (20x20 cm) had
stupendous performance in all morpho-
physiological and vyield attributing characters,
resulting in highest grain yield (8.53 t ha™). Kaur
et al. [28] found that the bidirectional (22.5x22.5
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cm) and closer spacing (15 cm) sown wheat
produced higher grain (12.66 and 10.9%) and
straw (12.61 and 10.89%) vyield than the wheat
sown at 20 cm row spacing. They also observed
that wheat sown by following the same pattern
smothered the weeds and reduced the weed
population by 41.0 and 36.9% in comparison of
20 cm spacing. Biswas et al. [29] obtained
significantly highest grain yield from maize sown
at a spacing of 60x20 cm as compared to a crop
sown at plant geometry of 75x20 and 60x20 cm.
In cotton, Singh et al. [30] found that plant
spacing of 67.5x45 cm intercepted more
radiation followed by 67.5x60 and 67.5x75 cm,
while the radiation use efficiency was also
recorded maximum under wider plant spacing
67.5x75 cm followed by 67.5x60 and 67.5x45
cm. Diepenbrock et al. [2] obtained maximum
yield of sunflower when sown in east-west
direction keeping four to eight plants m™ at 75 to
100 cm row spacing. Dhillon et al. [31] observed
that widely sown spring sunflower required
slightty more AGDD (accumulated growing
degree days) than closely sown for attaining
physiological maturity while, closely sown crop
have marginally higher heat use efficiency for
stalk but differences were very meager in case of
seed.

Inter-row spacing in orchard of olive is more
determinants of incident irradiance on canopy
and consequently on fruit characteristics than
intra-row spacing [32]. In olive, fruit mass and oil
content increase with increasing irradiance
[33,34]. The reduction of row spacing reduced
position effects and resulted in more uniform
radiation distribution across rows of maize as the
sun elevation changed [35]. Singh et al. [36]
observed that the guava tree planted at 6x6 m
spacing captured significantly more solar
radiation than those spaced at 6x5 m and 6x4 m
on per unit basis.

4. PLANTING DENSITIES

Appropriate plant population for each crop varies
greatly from region to region. Since many crops
exhibit great plasticity in their response to varying
plant densities due to tillering or branching habit,
there is no optimum plant population for any
crop, except optimum range of plant population
within which there will not be any significant
variation in vyield. Tillering or branching can
compensate the low plant population for yield
within a reasonable initial stand establishment.
Generally, bigger the plant size lesser will be the
plant population for optimum yield. Crop such as

maize requires relatively low plant density
compared with sorghum, pearl millet, rice and
wheat. Zenq [37] recorded higher number of
panicles hill™ and grain yield in rice with denser
planting of 330000 holes as against 250000
holes hectare™ in China. Zhang et al. [38] found
that transplanting density of hybrid rice at China
did not influenced plant height significantly.
Zarea et al. [39] reported that different planting
patterns sometimes produced higher yield, but
not always. Furthermore, equidistant plant
distribution at equal plant densities produced
higher radiation interception and extinction
coefficient. Moreover, when row spacing was
reduced, grain vyield increased. The greatest
increase in radiation interception and in the
extinction coefficient due to the response of
planting patterns and plant densities was
observed in twin zigzag rows of eight plants per
square meter. Twin zigzag rows of eight plants
per square meter and conventional rows of eight
plants per square meter produced the highest
yield of sunflower.

In maize, narrow row spacing has been proposed
as a strategy to increase plant spacing within the
row, thereby promoting less inter-plants
competition and greater vyield, though the
inconsistent responses to narrow row spacing as
well as the large capital investment in narrow row
planting and harvesting equipment have led
some maize producers to adopt a twin row
planting arrangement, however, elevated plant
density might not be a successful strategy for
increasing grain yield if the hybrids grown are not
tolerant to greater competition [40]. The
increased plant density beyond optimum leads to
high dilution effect, resulting in lower yield,
however, on the other hand, lower yield at less
than optimal density is probably due to the
inability to intercept maximum available radiation
due to poor stand establishment [41]. At Texas,
the grain sorghum planted at 76 cm row spacing
with 170000 to 200000 plants per hectare
produced the highest weight of thousand grains
weight as compared to the crop planted at 38 cm
row spacing [42]. In chickpea, maintaining 33
plants m? was optimum plant population for the
future climate scenario at all the study sites in
Andhra Pradesh [43]. Row-orientation in olive
orchard is more determinants of incident
irradiance on canopy and consequently on fruit
characteristics than intra-row spacing [44]. Singh
et al. [45] at Anantpur found that changing plant
population had insignificant effect on the yield of
groundnut with delayed sowing under climate
change, indicating that plant population of 25
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plants m? is good for the future climate at this
site.

5. PLANT ARCHITECTURE

Light absorption- an important factor for
determining the crop vyield, is highly dependent
on single plant architecture. Plant architectural
characteristics such as the number and geometry
of organs, i.e., their shape and position within the
plant and the canopy, are genotype specific,
while at the same time, it is highly dependent on
climatic conditions at the time of their initiation
and development [46]. Both leaf shape and size
are important aspects of leaf morphology
affecting mutual shading of leaves and light
absorption of the canopy [47].

In tomato, Sarlikioti et al. [48] achieved the
optimal results when leaf elevation-angle
distribution ranged between 15° (top) and 23°
(bottom), indicating that the plant orientates its
leaves during the cultivation period in such a way
so as to maximize light absorption, however,
deviations from that range failed to increase
distinctly both light absorption and
photosynthesis. They concluded that a new plant
ideotype with more spacious canopy architecture
due to long internodes and long and narrow
leaves led to an increase in crop photosynthesis
up to 10%. A high leaf length and width ratio has
been reported to have a positive effect on light
capture and crop photosynthesis in many
species [47]. Zotz et al. [49] observed that an
alteration of leaf phyllotaxis to a golden angle of
137.5° significantly enhanced the light capture
efficiency of an epiphytic plant.

Alterations in the leaf size and arrangement can
affect light availability, particularly in the lower
plant canopy and improves leaf photosynthetic
activity by adjusting light-harvesting efficiency
[50]. However, the significance of leaf elevation
angle for better light-absorption condition at
whole plant level has been observed in various
studies [51] results about the significance of leaf
phyllotaxis are contradictory as some studies did
and some did not found its influence on the light
absorption capacity of the canopy [52].

6. PRUNING AND TRAINING

Gill et al. [53] observed that among the pruning
treatments, the pear tree kept at 1.0 m height
received highest solar radiation in all parts of
canopy and recorded maximum soil temperature
round the year as compared to the trees having

height more than 1 m or not headed back. They
also recorded maximum vyield efficiency in 2.5 m
pruned trees of Patharnakh pear. Harwadikar et
al. [54] found the wine grapes with 30 canes per
vine significantly superior over all the treatment
in respect of leaf area (101.04 dm?), leaf area
index (2.18), number of bunches per vine
(21.85), weight of bunch (138.52 @), yield per
vine (2.59 kg vine™ and 11.99 t ha™) and TSS
(0.93%). They also found that the increased
number of canes per vine decreased the canopy
temperature and increased the relative humidity.
In peach, Singh et al. [55] observed that the Y
shaped (YS) trees intercepted significantly higher
(75.1%) mean total radiation as compared to
modified leader system (MLS) trees (67.2%) and
fruits harvested from YS trees were superior in
guality than those from MLS trees. They also
found that the fruits of YS trees matured earlier
than that of MLS trees.

7. CONCLUSION

Plant canopy with special reference to size,
orientation, density and arrangement of leaves
total leaf area and its index, accumulated
photosyntheticaly active radiation, net
assimilation in the form of photosynthates and
the establishment of balanced and optimum
source to sink ratio in the crop influences the
penetration and interception of radiant energy,
which ultimately increase the photosynthesis,
resulting in higher yield of the crop.
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