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Abstract
In Maize, as with most cereals, grain yield is mostly determined by the total grain number per unit area, 
which is highly related to the rate of crop growth during the critical period around silking. Management 
practices such as plant density or nitrogen fertilization can affect the growth of the crop during this period, 
and consequently the final grain yield. Across the Northern Region maize is grown under a large range of 
plant populations under high year-to-year rainfall variability. Clear guidelines on how to match hybrids and 
management across environments and expected seasonal condition, would allow growers to increase yields 
and profits while managing risks. The objective of this research was to screen the response of commercial 
maize hybrids differing in maturity and prolificity (i.e. multi or single cobbing) types for their efficiency in 
the allocation of biomass into grain.

A field experiment was carried out at Gatton Research Station, Queensland where four different hybrids were 
grown at a range of plant populations and levels of environmental productivity. 

Results show that prolific hybrids (i.e. multi cobbing) had similar or higher yields than non-prolific hybrids 
as consequence of a higher number of fertile tillers per plant. The role of fertile and infertile tillers in rainfed 
maize cropping is discussed.
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Introduction
Maize grain yield increased steadily since the introduction of hybrids, first in the USA and next in the rest of 
the world (Duvick, 2005). This trend can be attributed to both breeding and agronomic management practices. 
Yield in maize is mainly determined by grain number per unit of area (Otegui 1995; Maddonni et al., 2006 
and reference quoted therein), which depends on the rate of crop growth around flowering; a variable strongly 
affected by management and seasonal conditions. In the northern region, farmers use management practices 
like plant population and nitrogen (N) fertilization to reduce crop water use early in the season i.e. transfer the 
use of water from the vegetative to reproductive stages. However there is evidence that, when planted at low 
plant populations (2-3 pl m-2), commercially available hybrids tend to produce tillers. These tillers use water 
and nutrients and can produce no grain. The aim of this study was to quantify the allocation of biomass between 
productive and non-productive stems and its effects on yield for a range of recently released maize hybrids.

Materials and methods
General conditions 
An experiment was carried out under field conditions at Gatton Research Station (27º 33’ 08.23’’ S, 152º 
19’ 40.78’’ E; altitude 91 m), Queensland. Four hybrids with different prolificity and maturity were grown 
at three densities under two levels of environmental productivity obtained by supplementing irrigation and 
increasing levels of N supply  (Table 1).  The trial was sown in a split plot design, with productivity levels 
(N and irrigation levels) as the main blocks, and hybrid and plant density as sub-blocks. Each treatment was 
replicated three times. All in all, there were 72 plots (four rows per plot oriented in a north-south direction).

Diseases and insects were prevented or controlled by spraying fungicides and insecticides at the doses 
recommended by their manufacturers. In addition, weeds were removed by hand and controlled by spraying 
selective herbicides. 
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Table 1. Initial conditions and treatments 

 
 
Measurements and analyses 
Three plants per plot were labelled and used to record phenology, and leaves and tillers emergence twice a 
week.  At silking and +21days after silking, plants from a linear meter in each plot were harvested. The total 
number of plants and tillers were counted, and plants were separated into cobs, tassels, main stem and tillers, 
and leaves. All subsamples were oven-dried at 65 ºC during 96 h and weighed. At maturity, 3 linear meters 
were hand harvested, and grain yield and its main components determined. The data was subjected to 
analysis of variance and regression analysis to study the relationships between variables of interest. 
 
Results 
The main source of variation affecting yield was the level of productivity (Table 2). However, hybrids also 
differed significantly, and productivity × plant population interaction for yield, biomass and grain weight 
showed a magnitude similar or higher to that of the hybrid effect. 
 
Table 2. Means and mean square values for yield, above ground biomass, harvest index, and main 
yield components.   

 
 
The different hybrids and treatments resulted in a wide range of yields that ranged from 320 to 1050 g m-2 
(oven dry). The largest effect was the level of productivity (Table 2). The yield of the different hybrids 
differed significantly as well. Different hybrids had different responses to plant population and levels of 

Sowing Soil Initial soil water Initial soil N Level of Water regimea Fertilization Plant density Hybrids Prolificity Maturity 
date Type (mm) (kg N ha-1) Productivity (mm) (kg N ha-1) (103 Plants ha-1) type (CRM)
22-Sep-14 Black 150.5 70.8 High Irrigated 220 30 Pac624 Low 117

Vertosol 50 Pac727 High 123
(Lawes) 70 P1070 Medium 110

P1467 High 114
Low Rainfed 100 30 Pac624 Low 117

50 Pac727 High 123
70 P1070 Medium 110

P1467 High 114
a Periodic drip irrigations throughout the growing season, once a week up to 30 mm. Accumulated rainfall: 266 mm 

Experimental treatments

Yield Number of   Number of Grain weight Harvest
(g m-2)  Main shoot (g m-2)  Tillers (g m-2) grains (m-2)  cobs (m-2)  (mg grain-1) index

Level of productivity
Low 468 b 1108 b   23 b 1739 b 5.7 b 265.6 b 0.41 a
High 907 a 1809 a 227 a 2981 a 6.2 a 305.5 a 0.44 a

Hybrids (Prolificity)
Pac624 (Low) 642 c 1480 a   91 c 2193 b 5.5 b 284.2 a 0.40 b
Pac727 (High) 649 c 1444 a 136 b 2099 b 5.8 b 294.7 a 0.40 b
P1070 (Medium) 691 b 1441 a   95 c 2529 a 5.8 b 265.4 b 0.46 a
P1465 (High) 768 a 1470 a 177 a 2621 a 6.6 a 297.9 a 0.46 a

Hybrid x Plant population (pl m-2)
Pac624 (Low) 2.5 606 b 1350 c 218 c 1875 b 3.2 d 309.1 a 0.39 c

5 730 a 1572 a  45 d 2391 b 5.5 b 278.7 a 0.44 b
7 591 b 1517 ab  10 d 2314 b 7.8 a 264.6 a 0.36 c

Pac727 (High) 2.5 611 b 1318 c 322 b 1914 b 4.0 c 296.4 a 0.37 c
5 677 ab 1522 a  59 d 2186 b 5.6 b 300.0 a 0.42 bc
7 658 b 1494 b  28 d 2196 b 7.8 a 278.7 a 0.41 bc

P1070 (Medium) 2.5 573 b 1204 c 248 c 1953 b 4.1 c 278.1 a 0.40 bc
5 731 a 1484 b  34 d 2723 a 5.5 b 259.4 a 0.50 a
7 770 a 1633 a    3 d 2911 a 7.8 a 258.6 a 0.46 ab

P1465 (High) 2.5 744 a 1290 c 423 a 2899 a 6.0 b 307.2 a 0.44 b
5 793 a 1572 a  88 d 2464 b 6.0 b 304.4 a 0.47 a
7 765 a 1549 a  19 d 2499 a 7.9 a 282.3 a 0.47 a

Source of  variation  d.f.
Block ( B) ..2          12755.3*          18775.5NS            1237.7NS           370785.0NS           0.2NS        2076.8NS          <0.01NS

Productivity (P) ..1      3454737.0***      8842965.6**        750130.8**       27766625.1***           4.7*      28670.4*            0.01NS

B x P ..2            7063.0NS           8661.7NS            2055.1NS               5788.1NS                 0.1NS         833.0NS          <0.01NS

Hybrid (H) ..3          59866.3***           6753.1NS          29458.5***          1155071.3***           4.2***       3877.1**            0.02***

Plant population (Pop) ..2          60489.1***       509818.8***        580478.0***            731162.5**         74.3***       3572.0**            0.02***

P x H ..3            8851.2NS         11491.3NS         22807.3***           319908.6NS           1.4*       1862.2*            0.01***

P x Pop ..2        124727.0***       505163.4***       412484.0***           150721.8NS           2.3**       6819.2***            0.04***

H x Pop ..6          16774.5**         24992.0NS(a)         12456.2**           595828.6**           2.2***         538.0NS          <0.01*

P x H x Pop ..6            3837.3NS         11503.6NS         10740.0**           204545.9NS           0.5NS         691.5NS          <0.01NS

Error 44 ……..  3764.6 …… 11249.2 …….  3060.5  …      130262.9 …      0.4 …… 603.7 ,,,,,      0.02

The asterisks stand for the level of significance of the mean squares: * P<0.05; **P<0.01; ***P<0.001; NS not statistically significant

Biomass at maturity

(a)Level of significance of the mean square HxPop interaction P=0.0586

Measurements and analyses
Three plants per plot were labelled and used to record phenology, and leaves and tillers emergence twice 
a week.  At silking and +21days after silking, plants from a linear meter in each plot were harvested. The 
total number of plants and tillers were counted, and plants were separated into cobs, tassels, main stem and 
tillers, and leaves. All subsamples were oven-dried at 65 ºC during 96 h and weighed. At maturity, 3 linear 
meters were hand harvested, and grain yield and its main components determined. The data was subjected to 
analysis of variance and regression analysis to study the relationships between variables of interest.

Results
The main source of variation affecting yield was the level of productivity (Table 2). However, hybrids also 
differed significantly, and productivity × plant population interaction for yield, biomass and grain weight 
showed a magnitude similar or higher to that of the hybrid effect.

Table 2. Means and mean square values for yield, above ground biomass, harvest index, and main yield 
components.  
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The different hybrids and treatments resulted in a wide range of yields that ranged from 320 to 1050 g m-2 
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productivity (Table 2). The pattern of generation and survival of number of tiller per plant is presented in 
Fig. 1. Tiller dynamics was analysed in terms of the maximum number of tillers formed, the rate of tiller 
degeneration, and the proportion of tiller surviving that were fertile. All hybrids produced tillers though 
prolific hybrids like P1465 had larger number surviving and fertile tillers, particularly at the lowest plant 
density. The main difference in the number of fertile tillers was related to tillers death (Fig. 1). Tiller 
senescence and death took place at the time when the competition for resources by the forming primary or 
secondary cob was maximum, i.e. during the cobs elongation phase. 
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Figure 1. Dynamics of tillering as a function of thermal time from sowing, for maize hybrids growing 
under three plant populations: 2.5, 5 and 7 plants m-2; and two levels of environmental productivity. 
Circles represent Pac624, triangles are used for Pac727, squares for P1070, and rhombuses for P1465. 
Bars correspond to SEM. 
 
Significant differences in biomass between plant densities were observed only in the high productivity 
treatments (Fig. 2, left panel). Under low productivity all plant densities produced similar levels of biomass 
(Fig. 2, right panel). However, harvest index (i.e. the ratio between grain yield and biomass) was different in 
both environments (Table 2 and Fig. 2). Prolific hybrids had usually a higher harvest index (0.52 and 0.23 
for the main shoot and tillers, respectively). The largest production of fertile tiller biomass (800 g m-2) was 
observed in a prolific hybrid grown under high productivity and low plant density. Under the same 
conditions the lowest prolific hybrid, had half of that biomass (400 g m-2) on infertile tillers (Fig. 2 inset left 
panel). Under low productivity conditions, there were no significant differences in total biomass for the main 
shoot or even for tillers (Fig. 2 main right panel and inset).  
  

   

 

Figure 2. Relationship between yield and total biomass at maturity in the main stem and tillers (insets) 
for maize hybrids grown at different plant populations, under high (left panel) and low (right panel) 
levels of environmental productivity. Symbols correspond to hybrids: Pac624 (circles), Pac727 
(triangles), P1070 (squares) and P1465 (rhombus) under low (open), middle (grey) and high (black) 
plant population. Insets graph correspond to tiller. Bars correspond to SEM. 
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Figure 1. Dynamics of tillering as a function of thermal time from sowing, for maize hybrids growing under 
three plant populations: 2.5, 5 and 7 plants m-2; and two levels of environmental productivity. Circles represent 
Pac624, triangles are used for Pac727, squares for P1070, and rhombuses for P1465. Bars correspond to SEM.

Significant differences in biomass between plant densities were observed only in the high productivity 
treatments (Fig. 2, left panel). Under low productivity all plant densities produced similar levels of biomass 
(Fig. 2, right panel). However, harvest index (i.e. the ratio between grain yield and biomass) was different 
in both environments (Table 2 and Fig. 2). Prolific hybrids had usually a higher harvest index (0.52 and 0.23 
for the main shoot and tillers, respectively). The largest production of fertile tiller biomass (800 g m-2) was 
observed in a prolific hybrid grown under high productivity and low plant density. Under the same conditions 
the lowest prolific hybrid, had half of that biomass (400 g m-2) on infertile tillers (Fig. 2 inset left panel). 
Under low productivity conditions, there were no significant differences in total biomass for the main shoot 
or even for tillers (Fig. 2 main right panel and inset). 
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Figure 2. Relationship between yield and total biomass at maturity in the main stem and tillers (insets) for 
maize hybrids grown at different plant populations, under high (left panel) and low (right panel) levels of 
environmental productivity. Symbols correspond to hybrids: Pac624 (circles), Pac727 (triangles), P1070 
(squares) and P1465 (rhombus) under low (open), middle (grey) and high (black) plant population. Insets graph 
correspond to tiller. Bars correspond to SEM.
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Discussion
These results as well as those from Moulia et al. (1999) show that the most significant result is that, in a 
favourable environment and in the absence of neighbouring plants (low density), modern hybrids produce a 
large number of mostly unproductive tillering, including what is usually called basal tillering and cobs shoot 
prolificacy.

Here we propose that if tillering in maize would be restricted and some of that biomass e.g. up to 800 g m-2 

under low populations and high productivity environments would be allocated to the main stem, maize yields 
could be significantly increased (up to 400 g m-2 assuming a harvest index of 0.5) (Fig. 2). Whether this is 
possible merit further research. 

In conclusion, in this study, showed clear differences on the response of different hybrids to contrasting plant 
populations that show a likely pathway towards increasing the productivity of rainfed maize cropping. 
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