/5 !

ANALYSIS OF FACTORS LIMITING CROP GROWTH
AND PRODUCTIVITY- THE CONCEPT OF RATE
LIMITATION
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FiGuRre 2:1. An illustration of the principle of limiting factors. The level of water in
the barrels above represents the level of crop production. (Left) Nitrogen is represented
as being the factor that is most limiting. Even though the other elements are present in
more adequate amounts, crop production can be no higher than that allowed by the
nitrogen. When nitrogen is added (right) the level of crop production is raised until
it is controlled by the next most limiting factor, in this case, potassium.




Blackman : Concept of limiting factors
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1\ Mitscherlich : Law of Diminishing Returns
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R ! | Macy : Critical Percentages
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Yield limitation by water :

Y=Q,xAx¢&, xH

-Crop biomass is linearly related to cumulative transpiration.

|

|

- Efficiency of water supply - Photosynthetic efficiency = Partitioning of
assimilates

|




 J

i‘\m Acquisition of Water :

W -Q,is determined by environmental factors.
- A varies considerably among species, varieties.
- Root soil inter phase




oil water depletion, m’ m?
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Fig: Soil water depletion by sunflower (open circles) and grain sorghum (closed)
grown in semi arid zone of Kansas. (Stone et al., 2002)




Carbon costs of vigorous root systems:
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Table 2 Distribution of Photosynthetically Fixed Carbon in the Shoot and Roots of the Vigorous
Wheat Breeding Lines Vigour 18 and B18 and the Non-Vigorous Wheat Cultivar Janz at the

Beginning of Stem Elongation (Z31)

Genotypes Photosynthetically Fixed Carbon (gm % Root/total Carbon (%)
Shoot Root Total

B8 178 8.01 258 31.0

Vigour 18 19.1 7.70 268 288

Janz 118 483 16.6 29.0

l.s.d. (P =0.05) 2.1 0.02 3.1 3.1

Values are the absolute amounts of carbon denved from feeding the canopies with ™“CO, for 24h at the end of stem
elongation. Source: Palta funpublished).




-2 Variation in A can also be caused by differences in the ability of roots
to extract water per unit of soil.

Transpiration _
(% of maximum rate)

Waler potential (y), MPa




Capacity of osmotic adjustment:

Soil water content, 5 by volume o)
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Fig: Soil water extraction at 30 DAS after anthesis by maize crops.
Closed circle LP125R, Closed diamond LMOO017
A-Irrigation B — Drought condition
Open circles- Soil water content at the start of crop growth
Histograms show total water uptake by LP125R (white) and LMO17(black)
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Model response of water loss, CO2 assimilation and water
use efficiency to changes in the conductance of the stomata

of a C, leaf.
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Potential for improving £, within species ?

Variety Year of Daysto  Yield(hgha™)  HI  Transpiration Transpiration
infroduction  maturity to maturity efiiciency
Biomass  Grain ~ (mm) (kg biomass may1)

Purple Straw ~ 1860s 167 4824 1162 0.25 122 395
Nabawa 1915 159 4794 1342 028 129 37.2
Bencubbin 1929 139 5326 1619 030 119 447
Qanwen}-'a 1960 154 4781 1674 035 107 449
Tuﬁ:urnn 1978 148 5264 1870 036 121 437
Miling 1979 159 2286 1826 034 122 435
Cuilha 1982 148 5266 1888 036 114 46.1
Kulin 1986 148 5122 1892 037 119 43..2

HI, harvest index

climate in W. Australia

Fig. : Yield and water use of spring wheat varieties growing in Mediterranean



Additional issues:

—A and g, both are highly dependent on stomatal physiology.
- Crop Phenology
— Anthesis and silking interval of maize

—~Breeding for intermittent drought is more challenging than
for terminal drought.




Limitation by nitrogen supply :

Y=Q XxAx&,xH

Q,, Is the total quantity of nitrogen potentially available to the crop over
the growing season,

A is the fraction of Q, that is taken up by the crop,

QA is the total quantity of nitrogen taken up the crop,

g, Is the overall photosynthetic efficiency of the crop in terms of the total

plan dry matter produced per unit of nitrogen taken up (NUE)
H is the harvest index

Important difference b/w water and nitrogen limitation ?




Qy:
Determined solely by environmental and
management factors.

Nitrate and ammonium content at sowing
Contribution from mineralisation

Fertilizer application
Soil temp, moisture, microbial activity before and during the

growing seasons, crop history




| \‘ | ‘ -> A depends upon the distribution of roots.

Product of mineralisation of SOM is ammonium ion

L

Ammonium ion rapidly transformed into nitrate

Nitrate ions do not move more than a few mm
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Research interpretation of NUE is complicated by spectrum of definitions.



—> Leaf N content is related with Rubisco and photosynthesis
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In summary, NUE depends upon:

—The proportion of N allocated to Rubisco
—The distribution of Rubisco within the canopy

— the longevity of Rubisco/functional leaves

Only last one made a significant contribution to crop improvement through the
introduction of stay green characters.




Achieving higher yield where N supply is limiting:

=N influences crop yield by affecting canopy expansion,
longevity of organ and survival

= Biomass is dependent upon how much N absorbed, how
much leaf area constructed per unit of N taken up.

= Optimising yield at lower levels of fertility.

- Yield stability (Degree of plasticity)



Case Study: Breeding for higher NUE in Mexican Maize

(Lafitte and Edmeades, 1994)

Biomase veekd 1 ha !
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Achieving higher vyield : resource capture and

assimilate partitioning

- Crop biomass production depends upon resource capture
rather than resource utilisation.

Intensive cultivation : Amount of PAR intercepted
Water limitation : Quantity of water transpired
Nitrogen limitation Nitrogen uptake is important



Solar energy absorption

YYYYYY

Uniform distribution

Photosynthesis i.e. CO, assimilation

Maximizing solar energy utilization

Optimum N application, planting densities, sowing dates and plant
protection)




The relation between grain yield, above-ground biomass, harvest index and
year of release of wheat cultivars released in the UK since 1820.
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Relationship between HIl and date of introduction of wheat varieties in
England, Canada and Australia and of barley in England.
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* All varieties were grown under the same conditions.
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