- TECHNICAL NOTES

. WS DEPARTMENT OF AGRICULTURE SOIL CONSERYATION SERVICE

TH - AGRONOMY - 43 JURE 1987

CLIMATIC, SOIL, AND WATER REQUIREMENTS OF CROPS

Attached are West NTC Ecological Sciences Technical Note W-38 and Supplement 1
that were prepared by Travis Stevenson, conservation agronomist at the WNTC.

Gr wth requirements for the major crops grown in the West are presented in five
tables. This is a comprehensive tabulation of available data and will be very
useful for applying both the conservation cropping sequence and irrigation water
management practices.

Prepared by Walt Bunter, State Apronomist, Ecolegical Sciences Staff, Soil
Conservation Service, Davis, California.
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WEST NTC ECOLOGICAL SCIENCES TECHNWICAL NOTE W-34

SUBJECT: EC5 - Agronomy - Tables: Climatic, S5oil and Water Reguirements for
Crops - Resistance of Crops to Frost in Different Developmental
Phases - Optlmum Germination Temperatures for Major Crop Seeds -
Typical Rooting Depths for Major Crops - Converting Temperatures:
Celsius (C) to Fahrenheit (F).

Purpose,

This technical note transmits information about growth requirements and data
needed in working with the major crops grown in the West.

Backdround.

Information for alternative cropping systems is needed in providing technical
assistance to landowners. Data on growth requirements for the major crops
grown in the West has been summarized and is being distributed for field use.
This data and other information in the published socil surveys will assist in
presenting alternative cropping systems.

Prepared by Travis Stevenson, Conservation Agronomist, WNTC, Portland, OR




Table 1z. CLIMATIC, SOIL AND MATER REQUIREMEMTE FOR CROPS
TOTAL TEMPERATURE DAYLIGHT
GROWING REQUIREMENTS REQUIREMENTS
PERICD FOR GRIWTH, F FOR
CROP (DAYS OPT. I/ (RANGE}  FLOWER [NG
{1 (&) 13 {4

Mfaifa  100-385 15=79  (50-86) Day neutral

Bean Frash: B0-30  59-68 (50-81} Shert day/
Ory @ 90-120 day netural

Cadbage  100-150 58-68 (50-75} Lorg day

Citrus 240355 T3-BE  {55-95) Day neutral

Carn 150-180 75-88  (58-33) Day neutral/

short day

Cotten 150-180 BE-B5  {B1-35) Short day/

day nevtra

Grape 180-270 BE-77 (G9-BE)

Ol ive 210-300 BE-77 (59-%5)

Orion [G0=140 59-68 (50-7T) Lamg cays
+30-35 in gay neutral
nurseryl

Pea Freshy 65-100 59-64 450-73F Day neutral

dry ¢ B5-120

SPECIFIC CLIMATIC
CONSTRAINTS
AND REQUIREMENTS
(5

S01L
REQUIREMENTS
(B)

Sensitive to frost; cutting interval
related to temp.; recuires low RH in
warm ¢iimates

Sensitive to frost; excessive rain,
hot weather

Shart periods of frest {21-14 F}
are not haraful; opt, RH B0-30

Sensitive to frost idormant trees
lesst, strong wind; high humidity;
cool winter or short dry period
perferrad

Sensitive to frost; for germination
temp, )50 Fi cocl temp, causes
problem for ripening

Sensitive to frost strong or celd
winds! temp, req, for bell develop-
ment: BL-90 F (B4-1000; dry ripen-
ing period required

Resistant to frost during dormancy
fdown to 0 F) but sens tive during
growth; lang, warm to hot, dry
sumrer and cool winter perferred/
ragulred

Sensitive to frost (dormant trees
less) tlow winter temp. required
(€50 F) for flower bud initiation

Tolerant to frost; fow temp, ((57-
Bl F) required for flower initiation;

no extreme temp, or excessive rain

Shight frost tolerance when young

SEEEERSSRESREEZ

Deep, medium=textured, well-
grained, pH 6.5-7.5

Deep, friable soil, well=drained
and aerated; opt. pH 5.5-6.0

Weil| drained; opt. pH 6-6.5

Deep well-aerated, |ight to
medium-texturad soils, free from
stagant water; pH 5-8

Hell drained and aerated soils
with deep water table and without
waterlogging; ept. pH 5.0-7.0

Deep, medium te heavy-textursd
soils; pH 5.5-8.0 with opt. pH
7.0-6.0

Well-drained, light soils ars
perferred
Deep, well-drained soils free

from wateriogging

Medium=textured soil} pH
6.,0-7.0

Nal|-drained and aerated soils;

pH 9.5-6.5
continued ='




Table la (page 2
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TEMPERATURE

RECUIREMENTS  REQUIREMENTS

FOR GRONTH, F
OPT. 1/ (RANGE!
{4

i

TOTAL
R0 NG
PERTO0
CROP {DAYS)
{1 L)
Peanut q0-140
Pepper 120-150
Pineapafe 365
Putake 100-150
Rite 80-150
Jafflower Spring:
120-160
Autuma:
200-23
Sorghun 100-140+
Soybean 100-130
Sugarbest

Sugarcane Z70-3B5

Sunfloser  90-130

Zi-28  (18-33

B4-73 (59-B1)

12-719  (B4-86:

ag-68  (50-77)

72-86 (64-95)

Early growth
59-68

tater growth
Ba-66 150-95)

14-86 (59-95)

68-77 (54-86)

Ba-72 (50-86!

72-86 159-93

B4-77 (59-BE}

DAYLIGHT
FOR
FLOWER NG
i4l

Day neutral

Short day/
day neutral

Shert day

Long day/
day neutral

Shart day/
day neutral

Shart day/
day neutral

Short day/
day neutral

Long day

Short day/
day neutral

Short day/
day neutral

SPECIFIC CLIMATIC
CONSTRAINTS
AND REQUIREMENTS
{5

S0IL
REQUIRCMENTS

(&)

Sensitive to frost; for germination
temp. B0 F

Sensitive to frost

Senitive to frost: requires high
PH: quality affected by temp,

Sensitive te frost; night temp.{39 F

required for good tuber initiation

Sensitive to frost; cool temp. causes

head sterility: small difference in
day and night temp. is perferred

Talerznt to frost; cool femp, reg.
for gooc establishment and early
growth

Sensitive to frost: For germination
temp. 250 F; cool temp. cavses head
steri |1ty

Sensitive to frost; for some var.
temp. 375 F required for flowering

Telerant to light frost; toward har-
vast mean daify temp. B0 F for, high

sugar yield
Sensitive to frost; during ripening

cool {50-B8 F), dry sunny weather
is regured

Sensitive to frost

Bell-drained, friebie, medium-
textured soil with loose %op soil;

pH 5.5-7.0

Light to medium-textured sotls;
pH 5.5-7,0

Sandy loam with low |ime
content: pH 4.5-6.5

Well-drained, aerated and
perous seils; pH 5.0-6.0

Heavy oils preferred for per-
ecolation losses, high tolaranse
to o2 daficit: pH 5.5-6.0

Fairly deep, well=drained soils,
prefarably mediun-textured;
pH 6.0-8.0

Light to mediun/heavy soils
relatively tolerant to periodic
waterlogging, pH B.0-6.0

Wide range of so1| except for
sandy well=drained; pH 6.0-6.5

Madium to slightly heawy-
textured eoils, frigble and
wall-drained: pH 6.0-7.0

Deep, well gerated with qround
water deeper than B0 in. but
rel. tolerant to periodic high
watertables and 02 daficit; pH
5.0-8.5: apt. pH 6.5

Fairly deep seils; pk B.0-7.5

=== gontinued ==




lTable .2 \page
TOTAL TEMFERATURE DAYL IGHT
EROWING REQUIREMENTS  REQUIREMERTS
PERIOD FOR GROWTH, F FLR
CROP (DAYS) DPT. L/ (RANGE)  FLOWERING
(11 (2) {3 4}
Tomato 90140 B4-77 (GS9-B2) Day neutral
(+25-35
in nursery
Watermelon BO-110 T2-86 64950 Day nevtra
Wheat Spring 100-130 59-88 (50-770 Day neutral
Winter 1B0-250 leng day
Notes:

RH = Relative Humidity
0PT. = Dptymum

SPECIFIC CLIMATIC
CONSTRAINTS
AND REQUIREMENTS
{5

SO11.
REQUIREXENTS
(6}

Sensitive to frost

Sensitive to frost

Spring wheat sensitive te frost
Winter wheat: resistant to frest
during dormancy (OB4 F), sensitive
during post-darmancy period; re-
quires a cold period for flowering
during early growth, For both,

dry period required for ripaning

Quality of leal depends on soil
texture: pH 5.0-7.0

Sandy foam is perferred; pH 5.8-
1.2

Medium-texturad soils are
perfarred;

relatively tolerant to

high watertables; pH B.0-8.0

EEES




Tanle Za. CLIMATIC, SOIL AND WATER REGUIREMENTS FOR CROP3

CROF
8¢

s

Bean

Cabbage

Citeus

Corn

Cotton

-
brape

Olive

Onion

Fea

WATER
SENSITIVITY FERTILLZZR REQUIREMEKTS  REQUIRE- SENSITIVITY  EFFICIERCY FOR HARVESTED
i} LBS/AC/GROMING PERIOD  MENTS IN/ 10 YIELD, LBS/AC.FT.
SALANITY N P K GROW PER. WATER SUPRLY (EHOTSTURE)
{2 (3 14) i5) Lok

Mogerately  0-35 : 49-58 E7-83 32-63 low 1o 4035-103a0
sens tive sediun-high hay: (10154}
Sensitive  16-38 : 36-34 1 45-107 12-20  Mediue-high  Lush: 4085-5Z25 (BO-90K

Dry & B28-1612 {10%)
Moderately B9-134 + 45-38 BU-11E 15-19 Medium-|ow 37625-54355
sensitive haad {90-95%)
Sensitive BS-196 ¢ 31-40 45-143 35-47 Low to GA45-13580

med ium/high fruit (B854, lime: 708

Moderately B9-195 : 45-71 : 54-8%  20-31 High Z170-4358
sens| tive grain (10-13%)
Tolerant  89-1B1 : 1B-54 45-71  28-51 Hediun-!ow 1050-1612

seed cotton (EOW
Mazderate!y B9-145 ¢ 36-54 1 143-205 20-47 Bediue=louw Sa45-10890
sansitive froiz (BOXH
Maderats|y [98-223: d49-BF : 143-167 24-3] Low 40A5-5445
tolerant fruit (3000
Sens tive  54-89 : 22-40 40-71 1422 Medium-high 21780-27180

bulb (85-30%)
Sencitive  1B-36 ¢ 36-D4  71-143 14-20 Maudiun-high Fresh: 1350-1916

—====-===ms=ssss=m=s=zooc=oo======pantinued=s

she! led (F0-A0K)
: 392-566
shelled {10%)

Cry




Table 2a lpage &1

SENSITIVITY  FERTILIZER REQUIREHENTS
T0 LBS/AL/EROMING PERLOD
CRop SALANITY N P K
0o i (3
Peanut  Moderately  3-18 : 13-26 ; 22-36
gensitive
Pepper  Moderately BS-152 1 22-45 @ 45-89
sensitive
Pineapple 205-268 ; 40-58 . 98-1%
Potate  Moderately 71-107 ¢ 45-71 & 112-143
AT

Rice Moderately 89-134 : 18-38 : 71-107

sensitive

Jaff|ower Moderately 54-86 1 13-27 : 22-3%

tolerant

Sorghun  Moderately B3-161 : 1B-40 : 31-T1
tolerant
Soybean Moderately 9-16 3 [3-27 ; 22-58

telerant

Sugarbeet Tolerant  [34 t 45-62 : 89-143

Jugarcane Mederately B%-1768 : 18-80 : 112-143
sensitive

Sunflower Moderately 45-B9 ¢ [R-40 : 54-112

tolerant

mERSE EOSE NN R EN N - -

WATER WATER UTTLIZATION
REQUIRE- SENSITIVITY  EFFICIEMCY FCR HARVESTED
HERTS TN/ 10 YIELD, LBS/AC.FT.
BROW PER, WATER SURPLY {XMOISTURE)

i) 15 (B}
20-28 Low 1612-2178

unshelled dry nut (154

4095-8145
fresh fruit (90%)

24-35 Hedium-high

28-39 Low Plant ¢rop: 13590-27160
ratean & 21780-32626
fruit (B5%)

20-23 Medium=h i gh 10H90-19035

fresh tuber (70-75%)

14-28  High 1816-3035
paddy |15-20%)
24-47 Low 566-1350

sead (8-10L)

18-26 Hed ium=|ow 1611-2700

grain (12-15%)

|B-Z8 Hed jum=1ow 10%0-1915

grain 6=10%

Z2-30 Low to Beet: 16791-244B0 (ROL)
med ium=| ow Sugar: 2439-373C (OX)
59-68 High Care @ 13580-21780 {BQW

Sugar: 1B11-2787 (0%

B26-1350
seed (6-10K)

24-39 Med ium-1gu

I B A ——
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Table 23 (page 3

RATER WATER UTILTZATION
SENSETIVITY - FERTILIZER RECUZREMENTS  REQUIRE- SENSTTIVITY  EFFICIENCY FOR HARVESTED
10 LBS/AC/GROWING PERICD  MENTS N/ T0 YIELD, LBS/AC.FT.
CROF SHLANETY N P K GROW PER, WATER SUPSLY (AMOISTURE
il (2 (3 i) (5 {6
Tomato  Moderate 'y 83-134 @ 56-98 : 143-214 16-24 Med iun- | ow 27181-37625
sensitive fresh fruit (BO-90%)

Watmelon Mederately 7I-63 3 22-B4 5 31-71  16-24 Medium-high 13590-32626
senE i tive Fruit (904

Wheat Moderately B9-134 : 31-40 :22-45 18-26 Med 1 um=h i gh 21802700
tolerant grain {124}
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RESISTANCE OF CROPS TO FROST IN DIFFERENT DEVELOPMENTAL PHASES

Temperatures {F} harmful to plant
in the phases of:

Crop Garmination Flowering Fruiting

Highest resistance to frost:

Spring wheat 15-17 30-31 25-239
Oats 17-18 30-31 26-29
Barley 18-20 30-31 26-29
Peas 18-20 27-29 26-27
lentils 18-20 27-28 26-29

Resistance to frost:

Beans 20-24 27-29 26-27
Sunf | ower 22-24 27-29 27-29
Saff |lower 22-26 27-29 26-27
Sugarbeet 20-22 27-29 =
Carrot 20-22 - =
Turnip 20-22 = -

Lew resistance to frost:

Corn 271-29 29-31 27-29
Millet 27-29 29-31 27-29
Sudangrass 27-29 29-31 27-29
Sorghum 27-29 29-31 27-28
Fotatoes 271-29 23-31 29-31

Mo resistance to frost:

Cotton 29-31 29-31 -
Watermalons 31-32 31-32 =
Rice 31-32 31-32 =
Sesame 31-32 31-32 =
Feanuts 31-32 = =
Cucumbars 31-32 = =
Tomatoes 31-32 31-32 =




OPTIMUM GERMINATION TEMPERATURES FODR MAJOR CROP SEE[S

T T T T L o T R R bttt L T T T T T E L ST I T AT 3L

e e L e o o e T B B e W W T~ e = e e g =

Red clover
Alfalfa
Paas

Wheat
Barley
Oats
Carrot
Sugaroeet
Lentils
Carn
Sorghum
Fice
Watermeion

- -

e —

95
86-90
62-85
BB

86
B2-86
97
104-111
104-111
87-100
104

Day:= required for germination
at different temperatures

e e S R R EE W RN PR EER RV M BT FR e e e e e

7.5 B 1,75 1

6 3. 15 2.75 2

a 3 175 LS
B 3 d I'57S
& 3 i L
i 3.75 Zis e ¢

- 6,75 4,25 3.25
22 9 375 Farg
6 = Z 1,75
- 11.2 3.25 3

x 11.25 475 4
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TYPICAL ROQTING DERPTHS FOR MAJOR CROPS

R R R e e o = e

Crop Stage Of RDm-1In.
Plant Growth
Alfalfa Ista. v Tl =04
Sav. yirg., 118 - 238
Asparagus lst. yr 38 -
Sev. yrs 118+
Barlay Annual 59 -114
Beet Annual 71 — 130
Broad bean Anmual hE = 75
Bromegrass letive 29 - 53
Sev., yrs 7B+
Cabbage Annual 59 =394
Carrot Annual 59 - 118
Caul | f lower Brnual 3h - 53
Corn Annual 71 = 118
Cotton Annual B4 - 11B
Cowpaa Annual 38 - BY
Cucumber Annual 47 = 71
Egoplant Annua | 59 - 94
Flax Annual H49: = 59
Garlic Annual 24 - 349
Horseradish Annual 118 = 177
Kidnevbean Annual 339 - 118
Kohlrabi Annua 59 - 108
Leek Annua | 1
Lentlls Arnnual 39 - 2B
Lettuce Annual 55 =208
Lima bean Arnnual 39 - 7B
Muskme !l on Snnual Ha = 5o
Dats Annua B3 = 102
Dkra Annua | 47 - B3
Cnion Annua | 15 = 38
Farsley Annual g3 = hi
Parsnip Arnual 78 - 11B
FPea Annua 29 - 94
Fepper Araual 2 = 5E
FPotato Annual 20 = 94
Fumple in Annual 59 - B3
Fadish Arnnual 55 - 44
Rapa Annua| 7B — 118
Red clover lTgws AT 55 - 7i
Sev. yrs. 78 - 118
Rhubarhb Seyv. Vrs. 78 - 11B
Futabaga Annua | o8 - 7B
Rya Annual 59 - 94
Sorghum Annua | S8 = 148

R TP LT E sy LTy P E e Al R .




TYPICAL ROOTING DEPTHS FOR MAJOR CROPS (page 2)
Crop Stage 0Of ROm=In.
Flant Growth
Soybean Annua 59 -~ 88
Spinach Annual =8 - 7B
Sgquash Annual 59 = 94
Strawberry 24 - 47
Sugarbeet Annual S5 - 78
Sugarcane i8' = 236
Sunflower Annual 59 - 118
Sweetclover led: Mir. 55 - 34
Sev. vrs. 118+
Sweet corn Anpnua l B8 = TR
Sweet potato Annual 38 - &9
Swiss chard Annual 71 - 394
Tomato Annual 55 - 10Z
Turnip Annua | 59 '= 7B
Watearmelon Annual 38 - 59
Wheat Annua | 59 - 118
Notes! RDm=max i imum rooting depths
The sbove rocting depths reflects rcot de-

ve |lopment over time independent of environ=-

mental conditione expected to intersfere with
normal growth characteristics= high bulk den-
sities, high watertables, low fertility, low

pH and other parameters. Koot development an
most so0ils are not modified fto any great ex-—
tepnt from their normal development, independ-
ent, soi | characteristics normally do not
inhibit root development it is manifested in
&lowed development.

10




CELSIS

(C) TO FAHRENHELIT (F?

19

T b } 5. & S-+ § 3 $ 5 > 5 & 3 1 = } E F 1 T T & § K T F J

Notes:

Fahrenheit

(F2

= 9/5(C) +32
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WEST NTC ECOLOGICAL SCIENCES TECHNICAL NOTE W-38 (Supplement 1)

SUBJECT: ECS - Agronomy - Followup Information to West NTC Ecological
Sciences Technical Note W-38

Purpose.

To provide additional source information.

Backaground.

& limited supply of Technical Note W-38 is available by request from the
WNTC. Several states have requested additional copies.

The following source data is supplied for your information.

Tech, MNote W-38

Tables 1a and P23, Pages 1-6 -
Climatic, Soil, and Water
Reguirements for crops,

Page 7 - BResistance of Crops
to Frost in Different Develop-
mental Phases,

Page 8 - Dptimum Germination
Germination Temperatures
For Major Crop Seeds.

Page 9 and 10 - Typical Rooting
Depths For Major Crops

Page 11 - Celsius (C) to
Fahrenheit (F)

"Food and Agricultural Organization of

the United Nations-Rome-1979." FAQ Irriga-
tion and Drainage Paper 33: Yield Response
to Water. Table 2, p. 6-7.

Rechcigl, Jr., Miloslav. "Resistance of
Crops to Frost in Different Developmental
Phases." Handbook of Agricultural
Productivity - CRC Press. Vol. 1, Table 2,
p S K

Recheigl, Jr., Miloslayv. "Cardinal Temper-
atures for Germination of Some Important
Crop Seeds." Handbook of BAgricultural
Productivity. CRC Press. Vol. 1, Table 1,
P. 14.

Borg, H. and D. W. Grimes. "Depth Develap-
ment of Roots With Time: An Empirical
Description." Transactions of ASEa.

Vol. 29, Jan-Feb 1986, Table 1, p. 195.

I made these conversions using the AT&T
Computer Spreadshest and formula
(F) = 9f5{C) + 32.

Please address any comments and requests to Travis Stevenson, WNTC.

Prepared by Travis Stevenson, Conservation Agronomist, WNTC, Portland, OR



