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Summerfallow is included in cropping systems 
on North Dakota farms for agronomic reasons and 
to meet requirements for participation in various 
private and federal programs. 

The reasons most frequently given are to in-
crease water storage, improve soil fertility, espe-
cially as it pertains to available forms of nitrogen, 
and weed control. Fertilizers are an alternative to 
fallowing for fertility improvement (4, 11, 12). Her-
bicides are an alternative to controlling most 
weeds. A practical alternative to fallowing to in-
crease moisture storage on extensive dryland 
acreage is lacking. But, enough water may be 
stored in some areas during the non-growing sea-
son (harvest to seeding) in a continuous cropping 
system so yields produced over a two-year period 
offset the larger yield usually obtained af te r fallow. 

This report is to show when and where it is 
likely to pay to fallow for wheat production on dry-
land in North Dakota, when it is practiced to in-
crease water storage. No attempt will be made to 
enumerate other factors or situations leading to 
decisions to utilize fallow in the cropping system. 

Wheat yields are influenced by stored soil 
water at seending time. Thus, when fallowing 
increases the stored water supply, yields on fal-
lowed soils are usually larger than on comparable 
soils continuously cropped. But whether the larger 
yields obtained on fallow will more than offset 
the necessary loss of a crop will depend upon pro-
duction costs on fallow as compared to continuous 
cropping (non-fallow) and value of the product pro-
duced. 

Water storage in soils depends mainly on the 
amount and distribution of precipitation during the 
time a crop is not being grown. For a continuous 
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cropping system involving small grains, this crop-
f r ee period is about 9 months; when fallowing it 
is about 21 months. Studies at Mandan (5) show 
that on a 40-year average, about one-half of the 
4.4 inches of available water stored during the 21-
month fallow period was stored during the initial 
9-month period. Young (12), in a study covering 4 
years, showed that at seeding time fallowed soils 
contained an average of about 2 inches more avail-
able water than comparable non-fallowed (con-
tinuously cropped) soils. The amount of available 
water at seeding on non-fallowed soils varied from 
about 2 to 7 inches, the least being stored in soils 
of the western portions of the state. 

Long-term precipitation records show that the 
average annual precipitation is greater in eastern 
than western portions of North Dakota. 
D A T A FOR A N A L Y S E S 

, Data on which the . analyses presented are 
based are published, but some details are provided 
here. 

Data showing the effect of amount of stored 
water on wheat, yields were obtained f rom 1958 
through 1961 (1, 2, 3) on both fallowed and non-
fallowed soils under varying fertility levels, largely 
on moderately-well to well drained soils. 

The difference in water stored on fallowed as 
compared to non-fallowed soils was reported by 
Young (12). These data were obtained from fal-
lowed and non-fallowed sites on the same farm. 
While the fallow and non-fallow sites at a given 
location were not repeated, enough sample num-
bers were taken f rom each to provide ample evi-
dence of existing differences. 

Monthly precipitation data f rom 1931 through 
1967 were obtained f rom Weather Bureau records 
(9, 10). The number of weather stations represented 
in the average for each area was 11, 18, 20, and 
22 for the Red River Valley, East Central, West 
Central and West, respectively. 

Estimates of the proportion of non-growing 
season precipitation stored were made by Johns-
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gard (6) f rom published data f rom Mandan and 
from data obtained by Soils Department personnel. 

Estimates of production costs of wheat on 
fallow and non-fallow were obtained f rom Rice 
and Paul (8) except that economic areas were com-
bined in some cases to represent geographic areas 1 

and adjustments were made in fertilizer costs to 
provide adequate fertility. 
RESULTS . 

Average precipitation by months in the four 
geographic areas of North Dakota (Figure 1) are 
shown in Figure 2 on an accumulative basis. This 
shows that the average amount of precipitation is 
very similar among the areas f rom January through 
June, but that differences begin to occur in July 
and increase through October. The difference in 
amount through this four-month period accounts 
for much of the annual precipitation differences 
among areas. 
'Economic a reas 1 and 2A, 2B and 3A, 3B and 3C and 4 r e p r e s e n t t he West , West Cent ra l , Eas t Cent ra l and Red River Valley Areas, respect ively. 
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Figure 2. Cumulative average monthly precipitation of four geographic areas. (North Dakota, 1930 - 1967). 

Average amounts of non-growing season pre-
cipitation in the four geographical areas and esti-
mates of the per cent stored on nearly level soils 
having the needed water storage capacity are pre-, 
sented in Table 1. These data show that not only 
does average non-growing season precipitation in-
crease f rom west to east, but also that the per-
centage stored of that received also increases. 
Based on these estimates, water storage during 
the non-growing season in the West Area can be 
less than one-third of that in the Red River Valley 
with near average precipitation. 

Average wheat yields f rom 135 field experi-
ments as affected by stored available soil water 
under two fertility levels are given in Table 2. 
These data show yields increased as stored avail-
able soil water at seeding increased, and that the 
increases were greater with adequate fertility 
levels. 

Information relative to the average growing 
season rainfall at the 135 field sites re fe r red to in 
Table 2 is in Table 3. This shows that the growing 
season rainfall at 80 of the sites did not exceed 8 
inches, which is average or below for all areas of 
the state (Figure 2). Growing season rainfall can 
alter yields on soils of equal seeding time available 
soil water (1, 2, 3). 

The average amounts of available water stored 
during the non-growing season in non-fallowed soils 
as reported by Young, and the difference in avail-
able water storage between comparable fallowed 
and non-fallowed soils, are presented in Table 4. 
The data show that average amounts of available 
stored water in non-fallowed soils differed greatly, 
Table 1. Estimated average inches non-growing season soil moisture storage for various areas of North Dakota.' 

Average non-growing- Estimated Average soil season percentage moisture Area of state precipitation s tored ' storage 
inches inches 

Red River Valley 10.5 55 + 5 5.3 - 6.3 
East Central 9:5 45 + 5 3.3 - 4.8 
West Central 8.0 40 + 5 2.8 - 3.6 
West 7.5 35 + 5 2.3 - 3.0 
' F r o m es t imates by J o h n s g a r d (6). The non-growing season was cons idered as t he 9-month per iod f r o m Augus t t h r o u g h April . -From whea t ha rves t to nex t spr ing seeding. 
; 'On near ly level soils having the needed w a t e r s torage capacity. 
Table 2. Average wheat yields with and without ferti l izer as affected by stored available soil water on fallowed and non-fallowed soilr (1958 to 1961). 
No. of Stored Water Bushels /Per Acre Trials (inches) No Fertil izer Fertilized 
32 Up to 2 16 19 41 2 to 4 24 29 62 More than 4 28 36 
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Table 3. Growing season rainfall a t sites with indicated amounts of stored available soil water (1958 to 1961). 
Stored Water 

inches 
Growing Season Rainfall 

inches 
No. Of Trials 

Up to 2 u p to 6 6 6 to 8 13 8 to 10 10 more than 10 3 
2 to 4 up to 6 17 6 to 8 12 

8 to 10 9 more than 10 3 
More than 4 u p to 6 14 6 to 8 18 

8 to 10 15 more than 10 15 

Table 4. Average available water stored on fallowed and non-fallowed soils (1958-1961). 
Water Stored (Inches) 

Area No. of t r ials 
Red River Valley 10 East Central 21 West Central 14 West 24 

Fallow 
8.7 
6.2 3.1 4.0 

Non-fallow 
7.4 4.1 1.1 
2.0 

Difference 
1.3 
2.1 
2.0 
2.0 

Table 5. Average water stored, yield, r e tu rns and costs on fertil ized non-fallowed soils. 
Average 

Area Water Stored Yield 

Red River Valley East Central West Central West 

inches 5.3 3.8 
2.8 2.3 

b u / a c r e 38 29 22 19 

Value 1 

dollars 57.00 43.50 33.00 28.50 

Costs 2 

dollars 35.95 26.40 22.40 22.25 
'Whea t a t $1.50 per bushel . 
-F rom Rice and Paul (8) wi th a d j u s t m e n t s in fe r t i l i ze r costs. 

Table 6. Average water stored, yield, re tu rns and costs 
on fertil ized fallowed soils. 

Average 
Area Water Stored Yield 

Red River Valley East Central West Central West 

inches'' 7.0 5.4 4.8 4.3 

b u / a c r e 41 38 33 30 

Value 1 

dollars 61.50 57.00 49.50 45.00 

Costs 2 

dollars 46.20 33.75 29.25 29.05 
' W h e a t a t $1.50 p e r bushe l . 
-From Rice and Paul (8) wi th a d j u s t m e n t s in fe r t i l i ze r costs. 
^Assumes 1.5 to 2 inches more w a t e r than on comparab le non-

fa l lowed soils a s p e r Table 3. 

Table 7. Average re turns minus costs f rom two manage* ment systems over a two-year period (fertilized). 
Per Acre Average Returns Minus Costs 

Area 
Red River Valley East Central West Central West 

Fallow-Wheat 
15.30 23.25 20.25 15.95 

Wheat-Wheat 
42.10 34.20 21.20 12.50 

but that the average difference in available water 
stored in fallow as compared to non-fallow was 
about two inches or less. 

Average cost and re turns on wheat grown on 
adequately fertilized non-fallowed soils supplied 
with average expected amounts of stored available 
soil moisture at seeding for each area are shown 
in Table 5. 

Average cost and re turns for wheat grown on 
fertilized fallowed soils under comparable growing 
conditions in the four areas are given in Table 6. 
Since water storage in fallowed soils is greater by 
about two inches in all areas except in the Red 
River Valley Area, where it is only about 1.5 inches 
greater (see Table 4), these amounts were added to 
water present in non-fallowed soils. 

At $1.50 per bushel, the average value of 
wheat produced exceeds the cost of produc-
tion in all areas. The greatest increases occur in 
the two Central Areas. Production costs on fallow 
are greater than on non-fallow, primarily because 
of two-year land charges. These are offset some-
what by a higher investment in fertilizer on non-
fallow, since higher rates of nitrogen (N) are 
needed on non-fallow than fallow to make the 
most efficient use of the available water . stored. 

Average cost and re turns on a fertilized fallow-
wheat and fertilized wheat - wheat sequence are 
presented in Table 7. The data show the economic 
advantage of a fallow-wheat sequence in the West 
Area, but an advantage of a wheat-wheat sequence 
in the other areas, increasing from the West Cen-
tral to the Red River Valley. 

Average cost and re turns f rom the two man-
agement systems over a two year period without 
fertilizer are presented in Table 8. The data in 
Table 8 show the economic advantage of the wheat-
wheat sequence in all areas when no fertilizer is 
applied. The advantage is least in the West and 
greatest in the Red River Valley. 

Comparison of the data in Tables 7 and 8 
shows the advantages gained f rom including ade-
Tabie 8. Average re turns minus costs f rom two mange-ment systems over a two-year period (not ferti l ized) 1 

Area 
Red River Valley East Central West Central West 

Per Acre Average Returns- Minus Costs' 
Wheat-Wheat Fallow-Wheat 

0.30 10.95 
12.00 9.20 

27.70 25.00 
18.00 
11.20 

'Wate r s to red same as in Table 6. -'Wheat yields wi thout fe r t i l izer f o r t he w a t e r s to red on non-fallow w e r e es t imated at 28, 22, 18 and 16 bushe ls p e r acre and on fallow a t 29, 28, 26 and 24 bushels f o r t h e Red River Valley, East Cent ra l , West Cent ra l and West , respect ively. 
«Costs wi thout fe r t i l izer were es t ima ted a t $28.15, $20.50, $18.00 and $18.40 on non-fallow and $43.20, $31.05, $27.00 and $26.80 on fallow f o r t h e Red River Valley, Eas t Cent ra l , Wes t Central and West , respect ively. 
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quate fertility to make more efficient use of water 
available to the crop. It also shows that the eco-
nomic advantage of a fallow-wheat sequence be-
tween the two systems in the West Central Area 
occurs for the same reason. 
DISCUSS ION 

Summerfallowing to increase the supply of 
available water for the succeeding crop, and there-
by increase yields, is widely practiced in North 
Dakota. The increased yield may not be of suffi-
cient economic advantage over a continuous crop-
ping system in areas or on soils where about 2 to 3 
inches of water can be stored during the non-
growing season, on the basis of estimated costs and 
returns considered. A change in either cost or 
return (yield and /o r value of the product) can alter 
the economic advantage of either system. 

Fallowing for water storage is a questionable 
practice on some soil types. These include soils 
of very low water storage capacity and soils which 
are only partly re-charged by precipitation. Soils 
with a low water storage capacity are not likely 
to benefit f rom fallowing because small amounts of 
water are needed to fill them to capacity. This is 
easily achieved with non-growing season precipita-
tion in most years. 

Soils in topographic positions which receive 
run-on water from higher elevations or soils along 
streams or river valleys may benefit little f rom 
fallow because of other sources of water for re-
charge. For the same reason, soils in which a water 
table or the capillary fr inge of a water table is 
within the rooting zone of crops over much ,of the 
growing season, as is the case in much of the 
Sheyenne Delta in Cass, Richland, and Ransom 
Counties, will not likely benefit from fallow. Also, 
soils with a water table within a few feet of the 
rooting zone, which can contribute to re-charge 
of the rooting zone through what is thought to be 
vapor t ransfer in response to a thermal gradiant 
occurring primarily over the winter months, will 
probably not benefit f rom fallow. Included in this 
latter group are the Calcium Carbonate Solonchak 
and Humic Gley soils (7). 

The economic advantage of either of the two 
management systems can be altered by fertility 
level. Adequate fertility is needed to make more 
efficient use of the water available for production 
and thereby provide for increased net returns on 
an acre basis. 
S U M M A R Y A N D CONCLUS ION 

"Fallowing was considered from the standpoint 
of its practice for water storage. An economic 

evaluation was made f rom average costs and re-
turns information, expected yields f rom varying 
amounts of stored available soil water under grow-
ing season rainfall conditions averaging slightly 
less than average amounts, and expected water 
storage associated with non-growing season precipi-
tation for various areas of North Dakota on pre-
dominantly well to moderately-well drained soils 
of adequate water storage capacity. Based on these 
averages and information, a fallow-wheat system 
may be expected to be more profitable than a 
wheat-wheat system only in the West Area and only 
with adequate fertility. 

In decision making with respect to including 
or excluding fallow in a cropping sequence, farm 
programs as well as agronomic reasons, in addition 
to water storage, must be considered by farmers. 
Such other factors may play a more important 
role in the final decision than that of water storage. 
In the final analysis, the cropping sequence that 
provides the greatest economic advantage for the 
individual is the one likely, to be adopted. 
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