Back to Basics: Pumpkin
Plant Physiology
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1. Grow roots, grows leaves

2. Leaves make sugar
3.Sugar moves to the pumpkin
4. Pumpkin converts sugar to starch

More of this = bigger pumpkins.






Xylem: water in Phloem: sugar out
Source: leaves  Sink: pumpkin
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Every root
IS
connected
to every

to every
fruit




Transpiration Evaporation of
water from leaf
surfaces drives

the flow of
water into the
% xylem system.

K+ makes all
this possible

The small openings on the |

underside of leaves are
called stomata



A 1000 sq ft plant will transpire
~150 gallons of water/day



Turgor pressure and
sugar concentration
gradients push
sugar from leaves to
fruit

‘Water Carbohydrate Starch
flow flow



1. Grow roots, grows leaves

2. Leaves make sugar
3.Sugar moves to the pumpkin
4. Pumpkin converts sugar to starch

More of this = bigger pumpkins.



1. Our ability to drive root/leaf growth
relies mostly on optimizing soil
fertility



Rank Obstacle Points % Points Count % Count
1 Weather 261 13% 33 12%
2 Time limitations 255 13% 32 12%
3 Soil/Nutrient management 238 12% 30 11%
4 Location 211 11% 25 9%
5 Lack of knowledge /exp 209 10% 25 9%
b Money 177 9% 24 9%
7 Disease 142 7% 22 8%
8 Bugs 99 5% 16 6%
9  Motivation/commitment 72 A%, 12 A%

10 Weeds 71 4% 12 A%
11 Grower Errors 69 3% 9 3%
12 Water limitations 45 2% 7 3%
13 Critters 31 2% 8 3%
14 Seed Genetics 27 1% 4 1%
15 Luck 26 1%6 4 1%
16 age/health 23 1% 3 1%
17 Uncontrollable disaster 23 1%6 3 1%
18 Regulations 10 1% 1 0%
19 Close-mindedness 6 0% 1 0%
20 Mutants 4 0% 1 0%
Total: 1999 100% 272 1009
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Liebig’s Law of the
Minimums:

The most deficient
nutrient is likely to be the
size limiting factor.




ANALYTICAL LABORATORY FINDINGS

SAMPLE IDENTIFCATION SOYBEAN FIELD
LABDRATORY MUMEER 31304218
ANALYTE | wars RESULTS LOW MEDIUM OPFTIMUM . HIGH
Organic Matter | % 2.7
MitratesM [ PHT 26
P, Phosphorus | mes 5
Water Sal P [ WT
F_!H-phunu hels 52
BicarbsP [ PHT
Potassum [ PHT i
Water Sol K [ PHT
Calcium [ PHT e
Water Sol Ca | mws
Magnesiim hwlA 487
Water Sol Mg |mas
Sulfur [T 103
Water Sol 5 [ PHT
Zinc =pm 1.6
Manganess pm ]
lron =pm B3
Conpar FRm 0.8
Baron =pm 0.4
Saodum [Ty iz
Water Sol Ma  |mws
Saoluble Salts | =mhsaiom 05
Excess Lime Rt L
pH 8.7
Buffer Index
CEL. maqll00g 11.6
Base Saturation | Cesssd
Percent K F XL 2.9
Percent Mg 1Z-18% 19.8
Percent Ca [Tt 786
Percent M [EFCS 0.0
Percent Ma ERETY 0.8
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Photo courtesy of Glenna Reo

Giant Pumpkin Grower’s
Guide to Interpreting Soil
Tests & Managing Fertility

JOE AILTS, 2018

Soil nutrient status Is an
easily solvable problem.



The best way to eat an elephant is one bite at a time

Fatch Size in Square feet

Green squares contain drop down lists with data from Fertilizer list page

Blue squares are for data input

Orange squares are results do not type anything in these
Soil test }
) Year Season Reset All Fields
Information ——
. CaFFM CaFFM
. . eCEC . Mutrient . . L
Mutrient Current PPM | PPM gained End PP MEGHION (0] = Fielationzhi Ratio Ideal Fatic SR 0.1 fram From Liguid
g Elatianznip Gypsum Gypsum
; . . . Gyp=um
itrogen 2h.0 0.0 2h.0 0.6 Camg E:1 E-20:1 Meaded 0.0 0.0 0.0
F'hDSphn-:irLIS 0.0 0.0 Baze Sat x| Desired range cak 13:1 10-15:1 Add Compost to List AR Indes
Potaz=zium 150 0.0 15.0 2.8% 5-4 CaF 0:0 40-100:1 M Indes at | Should be
Calcium 1500.0 0.0 1500.0 7095 E5-20 p:zn 00 15:1 Type of Compost Current PH | reater than
12 to ensure
[lagresium 250.0 0.0 2800 19.5% 10-20 p:Mmin 0:0 41 5]
Sodium 13,0 0.0 13,0 0.8 <5 e 00 25:1 0z & ail ability
Hydragen 0.0 0.0 B4 0 2recu [ i L= 30 S I
Boron 0.0 0.0 Sulfur Added | Loamy Soil ITIFi:2n 0:0 i | 0z Magresium | Sodium Calcium
Ciopper 0.0 0.0 to Fatch End FH MmNy 0:0 7l cufyds
manganese ] ] 0.0 kb 0:0 2001 000 000 000
Ironffe] 0.0 0.0 Sandy Soil End mig:k. A 21
Sulfur 0.0 0.0 FPM 5045 FH Cab 0.0 BO00 | mpbest | COMPASt EOMPASt] EATpast
zin: 0.0 0.0 from Ok 0.0 Mmif:Fe 0:0 1:1.5-2.5
Clay Soil End . _ .
Euffer PH FH 0.0 PH Ffe 00 21 0.00 n.og ] n.og
0.0 Compost Compost | Compost | Compost
Lbs OF Lime Type of Lime Lime Cak Lime M1g% Lime CCE Boron Copper Manganes Iron
Lim=1 1] 1] 1] 0.00 000 000 000
Lime 2 1] 1] a Aug Total AL P MK
ActualLime | Loamysoil | SandysoilEnd | clayscil End | Clear weight of available available available
[CaCOd] End FH FH FH Add Lime tl—"’-*' 21 0o L= == L cufyds firsk year firsk year firsk year
0.0 0.0 0.0 0.0 Amendments 0 0 0 0

Brian Langley’s “Soil Amendment Estimator @ www.team-pumpkin.org




Let’s tie solil fertility & plant nutrient
uptake to Sink/Source physiology




PUMPKIN:Sugar
PIPES: Sugar Shipment D@position

The Big Three for Giants \

e Potassium: Translocation king—loads and moves sugars (0.5-1 |b/Bint to fruit).

e Boron: Sink architect—builds fruit cells (0.002-0.006 Ibs/plant early).

e Nitrogen: Source powerhouse—fuels sugar production (0.5-1 Ib/plant total).

LEAVES: Sugar making



2. Leaves make sugar. Can we make
them make more?



rECychng
nf RubBP

\ 2x phosphoglycerate /

(3-carbon-compound)

Calvin cycle

glucose
Sugar!)

Rubisco:
50% of all
plant protein,
20-30% of all
protein on
earth.

Protein =
Nitrogen

Rubisco=
16% N






How much nitrogen?

150-200lbs/acre
4.6-3.5lbs/1000sq ft

6.5-10lbs Urea (46%)/1000sq ft



3. Phloem moves sugar

from sources to sinks.

Can we help drive this
process?




Grok 3 bheta

what is the most important nutrient for giant pumpkin fruit growth

The most important nutrient for giant pumpkin fruit growth is potassium. Potassium plays a critical role
in pumpkin development by aiding in water uptake, enzyme activation, and the transport of sugars and

nutrients to the fruit. Giant pumpkins, which can weigh hundreds or even thousands of pounds, require
substantial amounts of potassium to support their rapid cell expansion and overall fruit size.
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Potassium pulls
water:
-into root tips
-into phloem
-iInto stomata
-into fruit
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This creates
“Turgor
Pressure”,
which leads to
“phloem
conductivity”



“Potassium plays a

critical role in phloem

loading, the process

by which sugars,

._ aminos and other
| solutes are
transported into the
phloem for
distribution”
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% Base Saturation

P K Ca Mg
PPmM ppm pPpm | ppm
36 148 || 1302 | 219
34 144 || 1401 | 219
29 143 || 1144 | 198
21 146 || 1302 | 247
25 128 || 1251 | 262
32 165 || 1067 | 215
26 159 || 1066 | 199
24 143 || 1231 | 220
16 98 1762 | 286
14 90 3198 | 341
38 136 || 1571 | 242
17 167 || 1639 | 298
16 98 2622 | 260
36 155 || 1390 | 232
48 148 || 1596 | 259
51 178 || 1245 | 230

%K |%Ca

3.7
3.5
3.6
3.3
3.1
4.3
4.2
3.6
2.1
1.2
3.1
3.4
1.6
3.7
3.3
4.6

%Mg

Tot %

%H

64.4
65.8
55.6
58.1
60.0
55.0
54.5
61.1
71.9
83.8
69.4
68.4
84.4
65.2
70.8
62.9

17.8
16.9
15.8
18.1
20.6
18.2
16.7
17.9
19.1
14.7
17.5
204
13.7
17.8
18.8
19.0

86.4
86.6
75.4
79.9
84.2
78.0
75.9
83.1
93.5
100.0
90.4
92.5
100.0
87.2
93.3
87.1

13.6
13.4
24.6
20.1
15.8
22.0
24 1
16.9
6.5
0.0
9.6
7.5
0.0
12.8
6.7
12.9

How much K?

200-250ppm
5-6% Base
Saturation



s 4. Sink strength drives
I the accumulation of
sugar, water, &
nutrients. Can we
influence sink strength?



Seed count is the primary
driver of sink strength

Seeds make:

i Auxin> cell division, phloem
# Gibberellin> cell expansion
i Cytokinin> cell division




Seed count is correlated to early fruit weight

« Context: In the 1980s, Plant Physiology published numerous studies on plant hormones and fruit
growth, often focusing on sink-source dynamics. Research on cucurbits—Ilike pumpkins (Cucurbita
maxima, C. pepo)—showed that seed number influences early fruit mass via hormonal signals
(auxin, gibberellins) that drive cell division and sink strength.

» Typical Finding: Studies found a positive correlation—e.g., doubling seed count (100 to 200)
increased early fruit weight by 1.5-2 times in the first 10-30 days, due to more cells forming before
expansion. This aligns with giant pumpkin lore (e.g., 400-500 seeds in 2,000-Ib fruits).







Optimize seed
production for
maximum sink
strength

“I'm already
hand
pollinating...”

To perfection?




Time to talk about Boron...

Boron’s Core Contribution to Sink Strength

Boron doesn’t move sugars like potassium does—it’s about building and powering up the sink itself so it
can demand more. For a giant pumpkin, sink strength translates to a fruit that can swell to 1,000-2,000
Ibs by pulling 0.5-1 Ib of sugar daily from the vines. Boron drives this through three main mechanisms:




-Cell division in the sink
-Cell expansion in the sink
-Sink demand and sugar pull

Boron enhances Auxin signalling



Managing boron takes nuance:

-is leachable in soil
-soil tests mostly meaningless
-is immobile in plants (xylem only)
-best pulsed pre-poll > fruiting
-foliar application not useful



How much B?

1st App (week 4-5, Pre-poll)

0.6 oz Borax (11% B) as
drench/plant

(this I1s a fuzz more than 1 tbsp)

2nd App (week 8-10, Post-Fruit Set)
0.9 oz Borax as drench/plant



1. Grow roots, grows leaves

2. Leaves make sugar
3.Sugar moves to the pumpkin
4. Pumpkin converts sugar to starch

More of this = bigger pumpkins.
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