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The Basics

To start at the very beginning, in addition to Carbon, Hydrogen, Oxygen supplied from air and water, crop growth is dependent on three
macronutrients: Nitrogen(N), Phosphorus(P) and Potassium(K) that are supplied by the soil. There are of course many other secondary
nutrients & micronutrients that the soil needs, most of this analysis will ignore them for the sake of this not turning into an elementary biology
lesson.

Given who you ask and what research you reference, 40-60% of cereal yields are dependent on fertilisers. Why? The Law of the Minimum
published around 1837 states that plant yield is proportional to the amount available of the most limiting nutrient, and if that nutrient
deficiency is corrected, yield will improve to the point of the next most limiting nutrient in the soil. A barrel is a common analogy representing
yield, which can only be filled to the point of the shortest stave (the most limiting input). The nitrogen stave being the shortest, it represents
the most limiting nutrient.

Nitrogen

Nitrogen is a key component of amino acids and proteins. Adequate supplies of N are needed to support photosynthesis and to produce
proteins in harvested crops. There is no getting away from Nitrogen, with intensive farming the soil needs its replenishment every year and it
is the most used fertilizer. The below chart shows the strong relationship between Nitrogen Use and Cereal Yield.

2017: Cereal Yield vs Nitrogen Use by Country
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Source: UN Food and Agriculture Organization (FAO)

Nitrogen fertilizers all essentially begin with anhydrous ammonia (NH;-82% N) which is manufactured from air and natural gas by the Haber-
Bosch process through the chemical reaction [3H,+N, Y 2NH;] under high temperature and pressure. Urea (46% N) is the most widely used
solid N fertilizer in the world. The production of urea fertilizer involves controlled reaction of ammonia gas (NHj;) and carbon dioxide (CO,)
with elevated temperature and pressure.
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Source: IMF Cross Country Macroeconomic Statistics (US Gulf NOLA Urea Granular Spot Price; USD/Short Ton)

Phosphorus (P) & Potassium (K)

Phosphorus (P) is vital for adequate root development and plant growth and development, such as the ripening of seed and fruit. Diammonium
Phosphate (DAP) is the most widely used P fertilizer, produced by reacting ammonia + Phosphoric Acid. Standard Grade: 18(N)-46(P)-o(K).
Morocco + disputed region of Western Sahara control over 72% of global phosphate reserves followed by 6% in China! I am not aware of any
other natural resource that is so critical to modern life yet so heavily concentrated in one country/region. In the coming decades as everyone

else runs out, the great games of geopolitics might be played in the region.

Potassium (K) is central to the photosynthesis of crops. Potassium helps improve crop quality and crop resistance to lodging, disease and
drought. Potassium chloride (KCI) (0-0-60) or Muriate of Potash (MOP) is the most common form of Potash and production/reserves are
highly concentrated and mined in the following few countries.

World Production of Potash (Potassium Chloride) by country -2019

Ranking |Country Tonnes (thousands) (%) of Total
1 Canada 20,934 31.60%
2 Russia 13,052 19.70%
3 Belarus 12,046 18.20%
4 China 7,445 11.30%
5 Other Countries 12,691 19.20%
Total 66,168 100.00%

Source: Natural Resources Canada

(Take note of Belarus here, more to come on a despot diverting a commercial aircraft to arrest a journalist and reality being stranger than
fiction)

The chart below summarises global fertiliser products with Nitrogen representing over 50% share. Overall, to proxy the individual three
macronutrients into actively available fertilisers: Urea (46% N), DAP (Diammonium Phosphate:18% N + 46% Phosphorous), MOP (Muriate of
Potash: 60% Potassium) as well as NPK (12% N, 32% Phosphorous, 16% Potassium) should suffice for discussions below.
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https://www.theatlantic.com/science/archive/2016/11/the-desert-rock-that-feeds-the-world/508853/

Key global fertilizer products

Mitrogen N

_ Othar
Ammaonia 10%,
4% Urea
DAP/MAP S0%
7%
Potash K,O Phosphate P,05
NPK
Other 15% Other
v TSP "2
ANICAN 6%
9% Lg::’N s5p
L 9% DAP/MAP
MOPISOP 107 million tonnes* 47%
5%
NP
27%
34 million tonnes 45 million tonnes

Source: IFA 2016 (nutrient totals) and 2015 (product split) * Does not include industrial nitrogen applications

The Grain Market: Higher Prices lead to higher Prices?

The grain market has been a dull place this last decade, with prices largely unchanged over the period. The commodity super cycle turbo
charged grains in the mid-2000s and after taking out previous highs, prices almost doubled for corn/soybean/wheat. It unravelled in the
financial crisis, and one had to wait till 2011-2012 for a collapse in production/yields on the back of a global drought to see temporary pre-crisis
levels. Prices reverted to the mean as yields kept rising however, with greater climate variability over the past few years, yields are largely
unchanged.

Grain(Soybean/Corn/Wheat) Pricing rebased to 1 at the start of 2000
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Copyright: Bloomberg Finance LP ( Rolling Active Future: Chicago Board of Trade), Rebalanced to 1 at the start of 2000
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Corn & Soybean Yield rebased to 1 at start of 2000
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Source: USDA, rebalanced to 1 at the start of 2000

Let’s talk about Corn

At the peak of COVID (around June 2020) the USDA expected year end 2020-21 inventories to climb to a record of over 3bn bushels, levels
not been reached since the grain glut of the 1980s. By the end of the season ending stocks were revised lower almost monthly and came in
close to record low levels at 1.35bn bushels, so what happened?

Ethanol and feed demand came roaring back domestically and yields were revised lower. The African Swine Flu that devastated Chinese hog
herds in 2019 disrupted global corn markets as China became one of world’s biggest importers of corn almost overnight, while trying to rebuild
stock. The question that everyone is trying to figure out is whether this is a temporary jump or a more structural shift. With growing milk and
protein consumption comes the need for much greater domestic feed. In addition, weather has been an issue over the past year as flooding,
followed by a summer drought in the north-eastern provinces, . 2021-22 Chinese imports are expected to be 26mn tonnes (1.023bn bu) which
is about 7% of expected US output.

Chinese Corn |mp0|‘ts (1,000 mt) Talk about the weight of great expectations. Analysts in
March’21 expected planted acreage for the 2021-22 season to
30000 be close to 97mn acres while actual USDA estimates has only
25000 come in at 92.7mn acres. To complicate the picture further,
grain stocks are already at historically low levels and estimates
20000 of expected yield are close to all-time highs of 179.5 Bu/acre.
15000 Last year’s yield estimates were around 178 Bu/acre vs actual
yields coming in at “only” 172 Bu/acre. Add to that the drought
10000 that exists in the western corn belt and, if yields came in at last
5000 year’s numbers, around 6oomn bushels would disappear from
the market.
0
2000-12- 2005-12- 2010-12- 2015-12- 2020-12-
31 31 31 31 31

Source:USDA Foreign Agricultural Service
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US Corn Stock
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Source: USDA WASDE Supply & Use US Corn Ending stocks/ Mn Bushels

The margin of safety is minimal. Weather, the hardest variable to predict, has the greatest impact on yields. There is minimal room to
manoeuvre, and any disappointment could catch the market out once again, and if that does happen expect prices to be higher, a lot higher.

.
US CORN Jul Jul  Jun  Jul Corn Yield
USDA USDA USDA USDA
1920 2021 212 2122 190
Area (M Acres)
Planted 89.7 908 911 927 180
Harvested 813 825 835  B45
170
Yield (BulAcre) 167.5 1720 179.5 1795
. 160
Beginning Stocks (M Bu) 2221 191% 1107 1,082
Production 13620 14,182 14,990 15165
Imports 42 25 25 25 150
Supply, Total 15,883 16,127 16,122 16,272
140
Feed & Residual 5898 5725 5700 5725
Food. Seed & Industry 6,288 6470 6615 6615 o
Ethanol for Fuel 4857 5050 5200 5200
Domestic Total 12,186 12,195 12,315 12,340
Total Exports 1777 2,850 2450 2500 L e e sy e T e ———
Use, Total 13,963 15045 14765 14,840 e 2 o 2 S O : ¥ g
Ending Stocks 1,919 1,082 1,357 1,432 000000000 HAAO OO0
2398383885833 d3388583R
Stocks/Use Ratio 13.7% 7.2% 92%  9.6% RRRRARRIRIIIKJRIKRIRKRKRR
Source:USDA CME Report Source: USDA

DEUTERIUM

DEUTERIUM INVESTMENT ADVISORS LIMITED
DEUTERIUM CAPITAL MANAGEMENT, LLC

D




While I wont delve into Soybean, I think you get the drift. The factors facing the market are similar. Forward Stock/Use Ratios in the US are
even lower and as figure (x) shows, for the sake of simplicity, price correlation in the grain markets is very high.

USDA SUPPLY/DEMAND
US SOYBEANS Jul  Jul Jun  Jul US Soybean Stock
USDA USDA USDA USDA 12
19-20 20-21 2122 M2 00

Area (M Acres)

Planted 76.1 83.1 87.6 87.6 1000

Harested 749 823 867 867

Yield (Bu/Acre) 47.4 50.2 50.8 50.8 800

Beginning Stocks (M Bu) 909 525 135 135 600

Production 3562 4135 4405 4,405

Imports 15 20 35 35 400

Supply,Total 4476 4680 4575 4,575

Crushings 2,165 2170 2226 2225 200

Exports 1,682 2270 2075 2078

Sead 96 102 104 104 0

Residual 9 4 15 15 D IO W © © N~ NN OOWO®WOO O O O -
T 4 A A A A Hd Hd d 4 4 N N N N

Use, Total 3,952 4 545 4 420 4420 O O O OO 0O O O O O O O O O O o
NN N N N R N Y S A Y Y A N Y Y A A

Ending Stocks 525 135 155 155 T8 9 FT O A NACA DS B D dB 9 =
N ORS RO ONONCRSN O s R OROBORORSING
I e e e I o ] e B S e I S I e e e e

Stocks/Use Ratio 13.3%  3.0% 3.5% 3.5% OHC O ECELUCHR S°hS O\NE SU°

Source: USDA CME Report Source: USDA WASDE Supply & Use US Soybeans Ending stocks/Mn
Bushels
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The Elephant in the Room

So far, we have simply talked about short term cycles of demand/supply while yields have been at all time highs. What about long term factors
like Global warming, soil erosion and climate variability?

While the actual increase in temperature across the globe might balance out with winners and losers, there is no question that extreme weather
is here to stay. I would highly recommend going through Jeremy Grantham’s The Race of Our Lives Revisited from August 2018. It is a sombre
reminder of what lies ahead and goes into the depth of population growth, energy transition, climate change and environmental challenges
facing humanity. I have taken the following two charts from his presentation:

Exhibit 7: Extreme Weather Events on the Rise
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Source: EM-DAT database

Exhibit 28: Combined Effect of Climate Change and Soil Erosion
US Grain Yields, Historical and Projected
Index averaging corn, wheat, soy, and rice yields, 2017 =1
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With estimated global population expected to grow by another 2bn people over the next 30 years (9.7bn people by 2050), there is just no scope
for Exhibit 28 to turn into a reality.
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