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UNITED STATES DEPARTMENT OF AGRICULTURE 

DEPARTMENT BULLETIN No. 1387 

Washington, D. C. Vv March, 1926 

EXPERIMENTS IN RICE CULTURE AT THE BIGGS RICE FIELD STATION IN 
CALIFORNIA 

By JENKIN W. Jonss, Associate Agronomist and Superintendent, Biggs Rice Field 
Station, Office of Cereal Investigations, Bureau of Plant Industry 
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INTRODUCTION 

Water grass ( Echinochloa crusgallz) is reported to be present in sev- 
eral important rice-producing countries of the world, but apparently 
in none of these countries has this grass become so troublesome as in 
California. This grass was present in California when rice growing 
first began, and in spite of efforts to keep it under control it has 
spread from year to year. 

During the early growth of the rice industry in California the three 
factors most conducive to the rapid spread of water grass were plenty 
of available new land, tenant farming, and the method of irrigation. 
New land, land which had never been seeded to rice, was easily 
available, and because of the high acre yields obtained on such land 
it was eagerly leased by tenants, who often farmed large acreages 
and usually gave little attention to the rapid spread of water grass. 
When the land was fouled tenants moved to other new lands. The 
method of urigation in use at that time also was favorable to the 
rapid spread of water grass. This consisted of irrigating and draining 
the land at frequent intervals until 30 days after the rice had emerged. 
The land was then submerged about 6 inches, and the water was held 
at about that depth until the fields were drained for harvest. Under 

69574—26fT——1 
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this method of irrigation the land soon became foul. On such foul 
lands water grass competes successfully with the rice crop, and the | 
reduced yields which follow are often unprofitable. 

If the seed or seedlings of water grass are completely covered by 
water it is game to smother this plant, whereas rice seed will ger- 
minate and emerge in a normal way even when fully submerged. 
This reaction of the two plants is the basis for control methods which 
are being developed and used on foul land. 

The method most commonly used is to sow the rice on a well- 
prepared seed bed and to submerge immediately to a depth of 4 to 
8 inches, maintaining this depth until the land is drained before har- 
vest. A second method is to prepare the seed bed reasonably well, 
although not quite so thoroughly as in the first method, and to sub- » 
merge the land to a depth of 4 to Sinches. The rice is then sown 
broadcast in the water, which keeps it from being covered by the 
natural slaking of the soil in the water. Submergence is maintained 
until the land is drained before harvest. A third method less com- 

Fic. 1 —Harvesting scene in 8 commercial rice field near Biggs, Calif. 

monly used is to drill or broadcast the seed, with immediate irrigation. 
The land is then drained and so remains until both rice and water- 
grass seedlings have emerged, when water is turned on to a depth of 
4 to 8 inches, where it is held until the land is drained for harvest. 
The first and second of these three methods are very effective in 
the control of water grass, the third being less satisfactory. 

The acreage, acre yield, production, and farm value on December 
1 of rice produced in California from 1912 to 1924, inclusive, are 
iven in Table 1. These figures show a rapid increase in acreage 
rom 1912 to 1920, inclusive, then a marked decline in acreage for 
1921, a slight increase for 1922, then a marked decrease in acreage 
for 1923 and 1924. It is interesting to note the difference in value 
of the 1919 crop, grown on 142,000 acres, and the 1920 crop, grown on 
162,000 acres. The reduction in value of nearly $10,000,000 shows 
how the rice growers were affected by the deflation in pela of farm 
crops. A harvesting scene in a commercial rice field near Biggs, 
Calif., is shown in Figure 1. 
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TaBLE 1.—Acreage, acre yield, production, and farm value of rice in California 
; from 1912 to 1924, inclusive 

[Bushels of 45 pounds] 

| [ 

Production Production | 
(bushels) Paria | (bushels) _ Farm 

Year | Acreage | value,De- | Year | Acreage = —__—| value, De- 
oe cember 1 || DAE | cember I 

"acre Total | nore Total 

foe = = 1,400 | 50.0 70, 000 $64,000 | 1919-_-__- 142,000 | 55.5 | 7,881,000 | $21,042,000 
19132 6, 100 | 48.0 293, 000 293,000 | 1920__-~-. 162,000 | 60.0 | 9,720,000 | 11,761,000 
ik Sees 15, 000 | 53. 3 800, 000 800,000 |} 1921__-__- 135,000 | 54.0 7,290,000 | 8,384,000 
rotp es 34, 66.7 | 2,268,000 | 2,041,000 || 1922.____- 140,000 | 55.0 | 7,700,000 8, 470, 000 
in) eee 55,300 |-59.0 | 3,263,000 | 2,545,000 |} 1923___-_- 106,000 | 51.6 5,470,000 6, 126, 000 
172 ee 80,000 | 70.0 | 5,600,000 9,800,000 | 19241_____ 88,000 50.0 4,497,000 7, 465, 000 
1918___.. | 106, 220 66.0 | 7,011,000 | 13, 321,000 

1 Preliminary estimate. 

This bulletin describes the nature of the environmental conditions at 
the Biggs Rice Field Station, gives the results of experiments on water- 
grass control and rate of seeding, shows the effect of continuous crop- 
ping to rice, and discusses the varietal experiments conducted during 
the past few years. 

ENVIRONMENTAL CONDITIONS! 

SOIL 

The soil at the Biggs Rice Field Station is Stockton clay adobe, 
dark gray to black in color. This soil is very sticky and waxy when 
wet and holds water well, but cracks badly when thoroughly dry and 
is very difficult to work when either too wet or too dry. 

The soil at the station is representative of a large part of the rice- 
growing area in California, and the results obtained thereon are 
applicable in a general way to other sections of the Sacramento Val- 
ley in which rice 1s grown. | 

TEMPERATURE 

The Sacramento Valley is subject to wide ranges of temperature. 
The winters are comparatively cool, with some freezing weather. 

The springs are warm and the summers are hot, though the summer 
nights are usually comparatively cool. A daily range in tempera- 
ture of 40° F. is very common. These wide ranges in temperature 
between day and night affect the development of the rice crop, and 
only the hardier types of rice do well under such conditions. The 
fall is usually warm but seldom hot. 

Table 2 presents data showing the maximum, minimum, and the 
extreme daily range in temperature, by months, from April 1 to 
October 31 during the 12-year period from 1913 to 1924, inclusive. 

June, July, August, and September are the hottest months, with 
maximum temperatures of 96° F. or higher each year. The highest 
temperature recorded during this 12-year period was 112° F. in Au- 
gust, 1913. April and October are the coolest months for which 
data are recorded in the table. The lowest temperature recorded in 
April was 28° F. in 1917 and 1921; the lowest temperature recorded 
in October was 33° F. in 1919. 

1Jones,J. W. Rice experiments at the B’ggs Rice Field Station in California U.S. Dept. Agr. Bu} 
1155, 59 p., illus. 1923 
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TABLE 2.—Temperature by months at the Bigas Rice Field Station from April 1 to 
October 31 for each year during the 12-year period from 1918 to 1924, inclusive 

[Data in ° F.] 

Year April May June July August | Bs he October 

86 100 | 99 108 | 112 | 110 97 
84 100 | 107 110 107 | 99 93 
86 96 102 107 105 98 92 
84 87 | 102 105 104 96 81 
85 86 | 107 111 | 103 101 100 
87 88 | 110 103 | 105 90 89 
86 99 | 102 108 103 97 90 
91 95 107 104 106 99 86 
89 92 107 107 104 | 99 91 
86 98 109 108 103 | 103 89 
84 93 96 110 107 107 90 
90 99 104 102 | 104 102 88 

| 

31 40 47 53 53 47 38 
39 46 47 | 55 49 7 38 
40 40 54 55 56 47 | 40 
37 36 46 50 50 49 | 35 
28 39 | 47 56 55 45 37 
32 43 | 52 52 54 52 | 35 
36 43 50 | 51 52 47 33 
34 40 52 | 54 55 43 34 
28 31 | 50 | 53 53 49 | 37 
30 35 | 49 | 52 | 52 45 34 
36 42 | 49 54 52 43 37 
34 44 51 52 53 42 35 

| 

40 46 48 50 46 48 52 
33 39 43 47 49 44 46 
37 34 41 40 44 40 45 
37 37 44 | 45 42 42 37 
39 39 43 | 44 43 43 46 
44 44 45 44 38 36 41 
36 41 46 43 41 42 47 
46 43 44 44 40 39 40 
45 39 41 43 41 43 42 
43 39 4] | 41 40 43 43 
38 38 39 41 42 42 43 
48 44 41 44 41 48 36 

RAINFALL 

Table 3 gives the monthly, average monthly, yearly, and average 
yearly precipitation for the 12-year period from 1913 to 1924, inclu- 
sive, at the Biggs Rice Field Station. The monthly and average 
monthly data are shown graphically in Figure 2. 

TaBLE 3.—Precipitation by months at the Biggs Rice Field Station for the 12-year 
period from 1918 to 1924, inclusive 

[ Data in inches; T=trace ] 

| | | | 

Year | Jan. | Feb. | Mar.| Apr. | May I July | Aug. | Sept.} Oct. |Nov. Dec. Annual 

hs eed owas Le | | af 
| ! | | 

AQIS) At St sore a ee 8. SEH OL 7O! NFL: WS. 16¢ |. 398) 10 0 | 0 0. 20 } 6.67. | 8.28 i> 25.11 
DOA ew ¢ >. are OsSSe Ss sOule. 54-4) ole oo 50 | 1.81 | 0 0 | 0 .89 | .33 | 4.40 26. 25 
TOUS Se Aces Peete | 7.60 | 9,04 | 2.03 .75 | 3.57 | 0 0 0 0 0 1.11 | 6.89 30. 99 
1916s Ae 2 = Js \10. 24 | 3.43 | .94/ 0 25 QOH +5830 | 66 | 1.67. | 1.34 | 4.82.) 24.01 
1K 2 seroma on An rsa | 2.44 | 4.75 | 1:28} 1.41) .667 0 0 0 501; 0 1.58 | 1.26 = -:13. 98 
NOISES E22 i vere? ie | .78 | 4,22 | 5.36 |.0 (e) ASSO 0 0 1 73.100'-| )..66°)2: 61 | 12 717) > tenes 
Ot ee 2.80 1-5. 21) 1.76 08 14/10 0 | 0 8 . 29 . 64 | 2.73 14. 70 
1!) Epes BAN ee as .31 | 1.93 | 3.67-| .96 | 0 14; .03/0 Tey 1280 [9367 T8772 | ees 
OA Sater ce 4,74 1.48 | 1.83 | 3D, jee 14 12150 0 0 9123198) 5.14 17. 49 
18) aa le 2°79 | 488 [1273 |. sae oer st ea fg 0 1.64 | 4.84 8.11 25. 00 
1bG 26) p's a ee ere 2586) |/".pen| 0 E26: i". SF 42°) Lag | .96| 1.06] .72 | 1.32 11. 49 
PES 3 Sa | 2250»), BO! |Lbewe | aio . 06 0 A bs Ak 3.49 | 1.63 | 5. 52 18. 65 

Average _____ |-4.28 | 3.77 | 1.79 | 1.04] .74 23 03 | 0 51 | 1.05 | 2.61 | 4.80 20. 85 
fee 8 
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_. The average precipitation for the 12-year period from 1913 to 1924 
was 20.85 inches. In 1913, 1914, 1915, 1916, 1920, and 1922 the pre- 
cipitation was considerably above the average, while in 1917, 1918, 
1919, 1921, 1923, and 
1924 it was below the 
average. The months 
of greatest precipita- 
tion are December, 
January, and Feb- 
ruary. 
Heavy continuous 

rain in October and 
November may result 
in serious losses to rice 
growers. In the fall 
of 1920 losses were 
heavy from November 
rains, which delayed 
threshing until spring, 
and in 1922 and 1924 
rains during October 
and November inter- 
fered with harvesting 
operations and materl- 
ally increased the cost 
of production. 

WIND 

In general this sec- 
tion has but little wind, 
though strong winds 
sometimes blow from 
the north or the south. 
Thestrong north winds 
are known as “‘ north- 
ers’ and are especially 
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Fic. 2.—Monthly and average monthly precipitation at the Biggs 
zica Field Station during the 12-year period from 1913 to 1924, 
inclusive 

welcome during the rice harvest because of their effective drying 
qualities. 

Table 4 presents data showing the maximum, minimum, and aver- 
age monthly wind velocity in miles per hour from April 1 to October 
31 during the 12-year period from 1913 to 1924, inclusive. 
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| TaBLe 4.—Monthly wind velocity at the Biggs Rice Field Station from April 1 to 
| October 31 for each year during the 12-year period from 1913 to 1924, inclusive 

Vy {Data in miles per hour] 

Year | April May | June uly gust eee October 
| yieiat. 1h 

SOLUTE Gilet ee Coed ER) Ss ee A ee OE) 14.0 9.6 13.7 12.6 
ei 11.0 | 12.0 7.5 7.1 13.2 8.7 

12,1 12.8 | 11.7 7.2 3.5 6.7 8.2 
12.4 11.3 9.7 sr 8.7 6.9 9.7 
10.6 8.6) 9.4 5.9 | 4.0 9.0 7.9 
15.7 8.5 | 5.8 9.5 | 5.9 4.9 5.3 
8.4 12.1 7.4 oy 5.8 6.8 6.9 
16.1 8.7 8.7 7.9 5.8 5.6 5.7 
10.7 9.6 8.5 13.7 | 5.9 6.8 6.0 
10.9 10.1 | 7.0 | 4.0 4.4 4.0 6.3 
11.0 9, 4 | 7 6.6 me 5.4 6.3 
10.2 9.8 | 25 5.8 7.9 9.3 7.5 

(iS ev! EE ES OT LAY a We” 1 ie} 6 a 
.6 .4 ya .4 1.0 1.5 me 
1.4 1.8 a+] 1.3 1.0 6 .9 
5 1:2 1.4 | 17 1.4 .9 2 
1K 1.8 3 eo) .9 bal .6 
1.3 2.0 6 RS 4 2 1 
ay || 6) Bs). Jo ted 9 .4 te 
9 | .9 4 1.0 5 os t 
$9.1) 0 6 | 1.0 8 a us 
1.2 .8 | 6 ia 4) ih a 
.9 | 1.0 if .6 | .6 | 5 a 
9 sy a 120} 135) 6 .4 .6 

Average: | 
> | yee ead ier te = ca appa te Poe, Bek a ees a 5.1 4.2 3.9 4.1 
eR eee Se ae 3.5 | 3.8 5.2 4.2 3.2 4,9 3.5 
5 LPS pote: ae 4.9 | 5.3 4.3 3.2 1 2:3 38 
1 SRE IORS A CE 4.5 | 5.0 4.2 3.6 3.2 3.0 22 
1g a ee Ree 5.2 | 4.5 4.1 2.4 2.3 4.0 Dra) 
“T.)  Sie Sede 4.4 | 3.9 a3 | 2.3 by 1.7 
"8 OS aR Se SI 3.2 | 2.9 | 3.9 3.2 2.5 xs ay 
1 eS Saad SPR SSE 4.2 | 3.2 | 4.3 3.2 "7 2.0 2.0 
1S 1a eS TE EEF 3.9 | 3.6 3.4 3.0 | 2.4 2.4 1.6 
Rie: Wy ee a ie 4.9 | 3.8 $4 1.8 1.8 9 1.6 
Me oe 4.2 | 3.6 a? 2.7 2.2 1.9 2.4 
| Ph RTI ere 4.1 | 3.8 4.3 3.1 2.4 2.4 2.7 

EVAPORATION 

Table 5 presents data on the monthly, average monthly, seasonal, 
and average seasonal evaporation from April 1 to October 31 for 
the 12-year period from 1913 to 1924, inclusive. 

TABLE 5.—Monthly and seasonal evaporation at the Biggs Rice Field Station from 
April 1 to October 31 during the 12-year period from 1913 to 1924, inclusive 

{Data in inches] 

| | j 
| } | | | 

Month | 1913 | 1914 | 1915 | 1916 | 1917 fay | 1919 1920 | 1921 | 1922 | 1923 | 1924 ane 

———— = aes — == == os i= —_ ~|— ae = ——, 

LC (Ege eS niva (Srah 3. 840] 3. 383].....- 4. 091|__-_-- are 4, 363) 5. 243| 4.947) 4.425] 5.205]. .... 
May _.-.....2-0¢....~-|--- =| 5.780) 4. 906) -7. 161) 65399)26.970)2--— = 23. 845) 5.853] 5.945] 6.707) 7.431)------ 
pee ee 9.120, 7. 348) 8. 500) 9. 261) 9. 448/12, 224) 8.991 7.160, 7. 052) 6.843, 7. 227/87. 149) 8, 455 
Cis eS 11, 216) 8. 263/ 9.618] 9. 270/10. 110) 8.679] 9.692) 7.104, 9.076) 6.932, 8. 866) 8. 406) 8. 936 
LA TAU: SSS a 9. 247) 6.775| 7.825) 8.152) 8.178) 7.035) 7.858) 6. 227) 7.845) 6. 495) 7. 275) 6.435) 7. 446 
September _________- 8.767| 5.760 5.912) 6.279 6.158 3.946] 5.497) 4.691) 4. 955| 4. 324) 5. 672/44. 593) 5. 656 
Giioler. oe. 2. !. 8.2: 6. 221) 3.003) 4. 466) 2. 713|------ | 4,480) 4.255, 2.793, 2.879) 2. 542) 3. 870)------|------ 

Total: | | | | | | 
June to Octo- | | | 

2 ey eee 44. 571/31. 149)36. 321/35. 675|------| 36. 364/36. 294/27. 975 31. 808)27. 136/32. 910)-_---- 34. 020 
May to Octo- | 

(lS ee ee A 136. 938/41. 317/42. 836) ._-_-- eee joeeaee aah 37. 661/33. 081/39. 617) .----- (38. 575 
. April to Octo- 

ea cea 40. 778/44. 700|_.- ..|----..|-++.-- cen ed 42. 904 38. 028 44. 042 ------ 42.090 
| 8 : | | 

1 Last 17 days of May. 3 26 days in June. 
2 Last 18 days of May. 423 days in September. 
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June, July, and August are the months of highest evaporation. 
The average evaporation for these three months for the 12-year period 
from 1913 to 1924, inclusive, was 24.834 inches. The average evap- 
oration from June to October, inclusive, for the 11-year period from 
1913 to 1923, with 1917 omitted, was 34.02 inches, with a range 
from 27.136 inches in 1922 to 44.571 inches in 1913. 

EXPERIMENTS ON THE CONTROL OF WATER GRASS AND ITS 
VARIETIES ‘ 

METHODS USED 

The term ‘‘ water grass”’ as used in this bulletin includes all forms 
of water grass (Echinochloa crusgallt) and its varieties except the 
white, or ‘Japanese,’ barnyard grass. 

Experiments to control water grass by continuous submergence 
were started at the Biggs Rice Field Station in 1921. The results 
obtained in that year have been published. ? 

Experiments are being conducted at the station to determine, if 
possible, the best method of seed-bed preparation, date and rate of 
seeding, and date and depth of submergence for rice when grown by 
continuous submergence after broadcast seeding or when submerged 
soon after the rice emerges. These experiments were planned also 
to study the effect of the different irrigation methods on the control 
of water grass and on the yields of rice. 

The work on water-grass control herein reported covers (1). exper- 
iments on immediate submergence after seeding, including the effect 
of sowing broadcast on the soil and in the water and the effect of 
drilling the seed; (2) experiments on depth of submergence after the 
rice has emerged, including a comparison of broadcasting and drill- 
ing seed and comparison of spring plowed and disked stubble land; 
(3) experiments on rate of seeding and method of irrigation; and 
(4) experiments on seed-bed preparation, including comparison of 
the effects of good preparation and poor or no preparation and the 
control of cat-tail by heavy seeding. In most of these experiments 
the dates of seeding and depth of submergence also were varied. 

None of the rice sown broadcast was harrowed or covered after 
sowing. On plats submerged at specified depths the water was 
maintained at as near the depths stated as was possible under field 
conditions until the land was drained for harvest. All plats were 
sown at the rate of 150 pounds per acre unless otherwise stated. 
The few “‘ Japanese,” or white, barnyard-grass plants which appeared 
were hand pulled in all experiments, except those on seed-bed 
preparation. 

uring the crop years 1922 and 1924, the temperature was favor- 
able for rice production, but during the crop year 1923 the tempera- 
ture was apparently too cool for maximum yields of rice. 

EXPERIMENTS ON IMMEDIATE SUBMERGENCE AFTER SEEDING 

Experiments involving immediate submergence after seeding were 
conducted in 1922, 1923, and 1924 on land that had been continu- 
ously cropped to rice in the fertilizer experiments from 1913 to 1920, 

2 Jones,J.W. Op. cit 
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inclusive. In 1921 the land was fallowed. The 1922 crop, therefore, 
was the ninth rice crop in 10 years; the 1923 crop was the tenth rice 
crop in 11 years; and the 1924 crop was the eleventh rice crop on 
this land in 12 years. In the spring of 1922 the fallow land was dou- 
ble disked, harrowed, and dragged. For the 1923 crop the land was 
spring plowed, harrowed, and dragged. In preparation for the 1924 
crop the land was winter plowed and the following spring double 
disked and dragged. Each year these tillage operations provided a 
reasonably good seed bed, but in the spring of 1924 considerable 
water grass was present from seed igh had been germinated by 
the early spring rains. Many of these plants were not killed by 
double disking, and when the rice was sown and submerged a good 
deal of this grass was too large to be suffocated by water, and there- 
fore it continued to grow with the rice crop. 

EFFECT OF SOWING BROADCAST ON THE SOIL 

In the experiments on the effect of sowing broadcast the rice 
was sown on the soil on different dates and the plats immediately 
submerged to the required depths. On plats gabmieresd 2 inches 
considerable water grass emerged; on plats submerged 4 inches some 
water grass emerged; but plats submerged 6 and 8 inches were prac- 
tically free from water grass and sprangletop (Leptochloa fascicularis) 
each year. Other water weeds appear to grow about equally well 
at all depths of submergence. The same effect on water grass was 
noted for all dates of seeding. However, on late-sown plats seepage 
started growth of barnyard grass before the rice was sown and the 
plats submerged, and these plats had more grass and poorer stands 
each year than those not affected by seepage. Scum also is more 
troublesome with late-sown rice. 

EFFECT OF SOWING BROADCAST IN THE WATER 

The effect of sowing broadcast was compared with other methods. 
of sowing. In this experiment the plats were submerged on May 16 
to the required depths and the rice was then sown broadcast in the 
water. The effect on water-grass control was the same in this ex- 
eriment as when the rice was sown broadcast on the soil and the 
and immediately submerged. However, less seed usually is required 
to obtain good stands when rice is sown broadcast in the water than 
when it is sown broadcast and then submerged, and a certain quan- 
tity of seed is also saved by protection from birds, but the increased 
cost of seeding in the water will likely more than offset such saving 
of seed. 

EFFECT OF DRILLING SEED 

On these plats the rice was drilled about 1 to 144 inches deep and 
immediately submerged to a depth of 6 inches. The water grass was 
effectively controlled, but poor stands and comparatively low yields 
of rice were obtained. It was observed on these plats and on other 
plats with thin stands of rice that redstem (Ammannia coccinea), 
annual sedge (Cyperus difformis), and cat-tail (Typha latifolia) were 
often present. When these weeds make much growth they reduce 
the yields of rice. 
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EFFECT OF IRRIGATING DRILLED CHECK PLATS IN THE ORDINARY WAY 

The check plats were drilled and then when necessary were irri- 
gated and drained at intervals until 30 days after the rice emerged. 
The plats were then submerged 6 inches. Some water grass and 
sprangletop were present on these plats in 1922. The plats were 
foul in 1923 and extremely foulin 1924. The growth of water grass 
on the check plats was so great in 1923 and 1924 that the yields of 

_ Tice were materially reduced. 
YIELD DATA 

Table 6 presents the annual and average acre yields obtained from 
rice seed sown broadcast on different dates and immediately sub- 
merged to different depths during the three years 1922, 1923, and 1924. 
The average data are shown graphically in Figure 3. 

Theyieldsgivenare 
the average of two Be 
tenth-acre plats in 
each case, except for _... 
the drilled plats sown 
and submerged on 
April 25, which are 
averages of two fif- 
teenth-acre plats, and 
for the check plats, 
which are averages of 
four tenth-acre plats. 

In 1922 on fallow 
land the acre yields 

2500 , . 

high forall datesand = 2250 
were comparatively | 

depths of submer- we | | 
gence. In 1923 and | | 

ACRE YVELOS POUNDS) 

iN) Y N 9 G 9 9 9 

1924 the plats sown = 2a001 - - 7 
broadcast and imme- QEPTA OF SUBMIERGENCE (/NCHES) 
diately submerged on Ht Pe eeinee side ie tae ope on bred dee aoe STEW at = 

e submerged at four dliferent depths at the Biggs Rice Fie tation 
April 25 and May 5 in i992, 4993, ana 1924 
produced consider- 
ably higher acre yields than were obtained from plats sown broad- 

cast and immediately submerged on May 15 and May 25. 
The average acre yields for the plats sown broadcast and immedi- 

ately submerged 4 inches for all dates of seeding in 1922, 1923, and 
1924 were 3,278, 2,132, and 1,735 pounds, respectively. The plats 
sown broadcast and immediately submerged 6 inches yielded 3,461, 
2,425, and 1,947 pounds, respectively; and the plats sown broadcast 
and immediately submerged 8 inches yielded 3,274, 2,030, and 1,601 
pounds, respectively. The averageacre yield for 1922, 1923, and 1924 
or plats sown broadcast and immediately submerged 4 inches for all 

dates of seeding was 2,382 pounds; for plats sown broadcast and 
immediately submerged 6 inches, 2,611 pounds; and for plats sown 
broadcast and immediately submerged 8 inches, 2,302 pounds. The 
acre yields of the plats sown broadcast and immediately submerged 
6 inches have been higher each year than for the plats submerged 4 
and 8 inches; but the difference is not marked and in the light of 

_ seasonal variations from the average may not be significant. 
69574—26},——2 
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TABLE 6.—Yields of Caloro rice on plats submerged immediately after broadcast 
seeding in date-of-seeding and depth-of-submergence experiments at the Biggs Rice 
Field Station in 1922, 1923, and 1924 

Seeding Submergence | Acre yields (pounds) 

| | } 

| siaee with 
chee 

Depth Aver- | 
Date Method Date (inches) 1922 1923 1924 | age |— 

Gain | Loss 
| 

April 25., Broadcast on soil ------- | Apr. 251. 4| 3,205'| 2/365 | 2,305] 2.685) "874 |? 22s 2 
BGr 2 U/L ne oe ess sie doi! ._- 6 | 23,520 | 23,265) 23,125 | 3,303 1402s) ees 
HO. 2|-h-—2 ae NS ET 9S) ek 2 do.! .__| 8, | «3, 266 )° 2, 5 |e 020*) 2, 467 | 656 | ---enn= a 

Biny 6.10 de. t- i. -.2 toe May 5..--| 4| 2,605} 2,580] 2,080) 2,405| 594 |__.J... a 
(ye aes Res sees G04 3 eee eee 00) 22:5 6 | 3,290} 2,655 2, 245 2, 730 | 919). counts e 
“<i ae a Gn ok. Bs dat 5 § | "3,075 |" '2,620.{" 2490") 2 70d aoe |. eee 

BVT ak are CL ee May1 - 2| 2,850 | 2,090 1,270 | 2,070 | 259) | 2S s.2 = 
nl rn (a do—-=-| 4} 3,695 2, 075 1, 655 2, 475 | 664 .|24 ees 

1b fe (a6 FS i EE oe Sh df do 6 4, 250 2, 380 1, 675 2, 768 | O57"). Shas = 
ee 0 ee ee oe |S rs do 8 3, 645 1, 925 1, 195 2, 255 444. |fou- 54S 

May 16 -| Broadcast in the water -|.__.do __-__| 4-|. 35200" ).) 2, 1902)" Ts 7abr) +2542) | Fil Paella s Beh 
Gees One ee tes de al [eae 6 2, 805 1, 625 1, 010 1, 813 | 2. 53 eee 

(Dae a ER a Te SS alee [ape do== 8 | 4,010) 2,130 1,310 | 2, 483 | 672: eo oike oe 
May 25 -| Broadcast on soil -_.---- May 253 4 3, 515 | 41, 560 4810 1, 962 161+) 222253 
Oi. 4] ae Fy ee elie Se Ss oe dot. > 6 2,785 | 41, 400 4745 1, 643 | ewtegoud 168 

19 Feel Sa GO ssn bw ek epee aot 8 | 3,110 | 41, 460 4760 UNH wf deal eke ee 34 
PSDrilico| OEE <3. 7. S25 S24 Apr. 251_| 6} 1,740} 2,392 BY iW 1, 970 150 [23 es 

Do..-.-| Drilled (check) ...---- -| June 155_| 6) 3,25) | 1,672 610 | 1,811 | ee SE ei 

1Submerged on Apr. 28, 1922. ‘Affected by seepage. 
2 Yields increased by an old fill a“ @ previous treatment. ’Submerged on June 11, 1924. 
3Submerged on May 26, 1924. 

The three-year average acre yield of the plats sown broadcast and 
immediately submerged 4, 6, and 8 inches on May 15 is higher than 
that of the plats sown broadcast in 4,6, and 8 inches of water on 
May 16. The difference, 220 pounds per acre, may be significant. 
The highest three-year average acre yield of the plats sown broad- 
cast and immediately submerged on May 15 was obtained from the 
lats submerged 6 inches; the highest acre yield for the plats sown 

brdadeast in the water was obtained from the plats submerged 4 
inches. The cost of sowing in the water is much higher than for 
sowing broadcast on the soil, and although it is possible to obtain 
a stand with less seed when the rice is sown in the water this saving 
in seed would likely be more than offset by the increased cost of 
seeding. 

The yields of plats sown broadcast and plats drilled and submerged 
6 inches on April 25 are much higher each year for the plats sown 
broadcast. When rice seed is drilled and immediately submerged 
considerable seed rots, and this results in poor stands and usually in 
low yields. 

Rice sown broadcast and immediately submerged 4, 6, or 8 inches, 
or rice sown in the water for all dates of seeding except for the plats 
submerged 6 and 8 inches on May 25, gave higher average yields 
than the check plats. The average increase in yields over the check 
plats varied from 2 to 1,492 pounds per acre. Slight differences in 
yield are certainly not significant; larger differences, 400 pounds per 
acre or more, probably are. Many of the modifications show in- 
creases of more than 500 pounds per acre above the control, and the 
methods of irrigation which result in these increased yields are appar- 
ently superior to the method used on the control plats. 

iia 
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Table 7 shows the average agronomic data for Caloro rice grown 
by the old method of irrigation (check) and by continuous submer- 
gence for different dates of seeding during the three years 1922, 1923, 
and 1924. All plats were submerged about 6inches. The check plats 
were drilled on April 25 and the average date of the first irrigation 
was April27. They werethen drained and again irrigated and drained 
at intervals until 30 days after the rice had emerged, when the 
plats were permanently submerged until drained for harvest. The 
other plats were sown broadcast and immediately submerged. After 
submergence the water was held continuously at as nearly a uniform 
depth as possible under field conditions until the land was drained 
for harvest. The average time required from the date of the first 
irrigation to emergence of drilled rice was 17 days and for broadcast 
rice about 21 days. The number of days between the date of first 
irrigation or submergence and maturity varies with the date of seed- 
ing and method ofirrigation. Drilled rice irrigated by the old method 
is slower in reaching maturity than rice sown broadcast and immedi- 
ately submerged. The time gained by continuous submergence over 
the old method of irrigation is 5 days for the early-sown rice. The 
comparison for the later dates is not a true measure of the actual dif- 
ference, since all dates of broadcast seeding are compared with the 
early-sown check plats. A check plat sown on each date of seeding 
would give a more accurate comparison. However, the results show 
that rice sown broadcast and immediately submerged requires from 5 
to 10 days less time to reach maturity than riceirrigated in theold way. 
This gain in maturity of from 5 to 10 days by continuous submer- 
gence is a very important point in favor of this method of irrigation 
and in certain years may mean the difference between success and 
failure. It also indicates the possibility of growing later-maturing 
varieties in normal years without unduly delaying harvest, and this 
would probably mean larger acre yields. 

Date of— Days | Days’! 
. _ from | gained 

| first in 

Variety nae irriga- com- 
Seeding merg- Emer- First Full First Ripen- tion | parison 

ence gence | heading | heading ripe ing toma- * with 
turity | check 

Caloro (check)_} Apr. 25! | June 15 | May 14! Aug. 22} Sept. 1. Sept.13 ) Oct. 3 L5G.) gee 
Caloro ____-___|___-do_.__} Apr. 26 | May 18} Aug. 15; Aug. 26 | Sept. 9 | Sept. 27 154 5 

iD iio ee May 5) May 5. May 26} Aug. 19| Aug. 29 ; Sept. 11 | Sept. 30 148 11 
Do ---2-- =|} May 15'| May.15°| June 4] Aug. ‘24 | Sept. 3 | Sept. 15 | Oct. 4 142 17 
its whe eee May 25 | May 25 | June i5 | Aug. 27 } Sept. 6 »Sept.19 | Oct. § 137 22 

1 The average date of first irrigation was April 27 

COMPARISON OF AIR AND WATER TEMPERATURES 

Rice is commonly sown in California between April 15 and May 15. 
At this time the temperatures of the air, water, and soil usually are 
too low for maximum germination. During the growing season of 
1923 and 1924 a soil thermograph was used to get temperature rec- 
ords on a plat sown broadcast and submerged 6 inches on April 25. 
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The soil thermograph “torpedo” was placed horizontally on the sur- 
face of the soil beneath the 6 inches of water. The maximum and 
minimum air temperatures were taken daily under shade, but with 
a free circulation of air. Records were taken from May to Septem- 
ber, inclusive. 

The average maximum temperatures during 1923 and 1924 for the 
five-month period from May to September, inclusive, were, respec- 
tively, 87.8° and 90.9° F. for the air and 79.6° and 78.5° F. for the 
water. Theaverage minimum temperatures for the same five-month 
period were, respectively, 56.4° and 56.3° F. for the air and 60.6° and 
63.4° I’. for the water. For the two-year period the average maxi- 
mum air temperature was 10 degrees higher than the average maxi- 
mum water temperature. But the average minimum air temperature 
was about 6 degrees lower than the average minimum water temper- 
ature. 

The average maximum air and water temperatures in 1923 and 
1924 for the months of May and June, during which time the rice 
was germinating and before it was large enough to shade the water 
effectively, were, respectively, as follows: For May, air 80.1° and 
86.4°, water 82.7 and 84.7° F.; for June, air 83.5° and 90.0°, water 
85.0° and 87.9° F. The average minimum temperatures for the 
same months were, respectively, as follows: For Abies air 50.9° and 
53.1°, water 53.7° and 61.0° F.; for June, air 54.0° and 57.4°, water 
58.6° and 65.9° F. For the two-year period the average maximum 
air and water temperatures for May and June were about equal, but 
the average minimum temperature for the same months was about 
6 degrees higher for the water than for the air. 

Each year during July, August, and September the water was 
almost completely shaded by the rice crop, and the average maxi- 
mum air temperature for each month was higher than the average 
maximum water temperature. However, the average minimum 
water temperature for each month has ranged from 1.5 to 7.7 degrees 
higher than the average minimum air temperature. 

The temperature readings in 1923 and 1924 indicate that water 
to a depth of 6 inches maintains a higher and more uniform tempera- 
ture than the air during the period of germination and early growth. 
During July, August, and September, when the water is shaded by the 
rice crop, the mean air temperatures are higher than the mean water 
temperatures. This indicates that, in so far as temperature alone 
is concerned, conditions are more favorable for germination under 6 
inches of water than they are in the atmosphere or than they are 
presumably at the surface of the soil. 

EXPERIMENTS ON SUBMERGENCE IMMEDIATELY AFTER THE RICE HAS EMERGED 

BROADCASTING AND DRILLING SEED COMPARED 

Experiments to compare broadcasting and drilling were conducted 
during 1922, 1923, and 1924 on land that had been sown to rice and 
fallowed in the cultural experiments in alternate years from 1914 to 
1921. In 1921 the land was fallowed. The 1922 crop was the fifth 
rice crop on this land in 9 years, the 1923 crop was the sixth rice 
crop in 10 years, and the 1924 crop was the seventh rice crop in 11 
years. In the spring of 1922 the fallow land was double disked and 

\ 
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a harrowed. For the 1923 and 1924 crops the land was spring plowed, 
double disked, harrowed, and dragged. Each year these tillage opera- 
tions provided a good seed bed. 

The annual yields of all except the check plats represent the 
average yields of two tenth-acre plats. The annual yields of the 
broadcast checks are for two plats irrigated by the old method. The 
annual yields of the drilled checks are the average of four plats in 
all cases except the yield recorded for the May 5 seeding in 1923, 
which is for only two plats. 

In these experiments alternate plats, usually inclosed by the same 
levees, were sown broadcast and drilled, respectively. Hach year 
the rice was irrigated and the plats drained three times before the 
plats finally were submerged to the required depths. On the date 
of submergence the rice and water grass varied in height from 
1 to 2 inches. 

The plats submerged 2 and 4 inches were very foul with water 
grass and sprangletop each year, but were worse in 1923 and 1924 than 
in 1922. On plats submerged 6 and 8 inches the water grass was con- 
trolled to a marked extent, but at these depths a good deal of rice 
also was suffocated each season. Some barnyard grass and sprangle- 
top were present on all plats each year, but these grasses were much 
more abundant on the control plats and those submerged 2 and 4 
inches than on plats submerged 6 and 8 inches. 

Table 8 shows the annual and average acre yields from plats sown 
both broadcast and drilled on two different dates and submerged at 
various depths after the rice emerged in 1922, 1923, and 1924, inclu- 
sive. Each year better stands and higher yields were obtained from 

_ plats sown on April 25 than from those sown on May 5. In 1922 and 
1923 the yields from the plats sown on April 25 were so much higher 
than from those sown on May 5 that the latter date of seeding was 
omitted in 1924. 

The average acre yields for both dates of seeding show that at 
each depth of submergence the average yields of the drilled plats were 
higher than those of the broadcast plats except for the plats sown 

.on May 5 and submerged 8 inches. The increased yields from the 
_ drilled plats, however, in most cases are small and therefore probably 

not significant. 
The three-year average acre yield of the plats sown on April 25 and 

_ submerged at various depths after the rice emerged shows an increase 
_ above the check plats ranging from 73 to 283 pounds. The highest 

average acre yield, 2,163 pounds, was obtained from drilled plats sub- 
merged 2 inches after the rice emerged. But the difference in yield of 
plats submerged 2, 4, 6, and 8 inches is not sufficient to indicate with 

_ any certainty that in this case one depth of submergence is distinctly 
_ superior to another. This method of irrigation, based on the results. 
presented in Table8 for the April 25 date of seeding, is not markedly, 
if at all, superior to the old method of irrigation. The submergence of 
drilled or broadcast rice soon after emergence is decidedly inferior to 
continuous submergence immediately after the rice is sown broadcast 

(Table 6), both in regard to water-grass control and to rice yields. 
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| TABLE 8.—Yields of Caloro rice obtained on plats sown on two dates, both broadcast 
ie and drilled, and submerged at various depths after the rice emerged at the Biggs 
i Rice Field Station in 1922, 1923, and 1924. 
. i 

} Acre yields (pounds) 

Submergence ‘ta l 

. Compared 
Date and method of seeding | with check 

: | Aver- | =} 1922 | 1923 1924 | “Atel 
Depth j 

Date (inches) | Gain | Loss 

| L z 
) April 25: | | 

Broadcast on soil.-_-_.__..-.-__ | May 29 2. 2 |, 2,280 |- 1,830) |, 1,390) |" 1, 833 op eeees OFS 
WOrilledas ses 506. 2s Sth ERA) EMG EMD 2 2, 690 2,110 1, 690 2, 163 269/4|_ 22254 
Broadcast on soil__---._-------- 2 UGOiA as 4| 2,580} 2,240 | 1,135 | 1,985 QRan i Glee ee 
riled s see a oe 4 2, 450 1,985 | 1,465 1, 967 (ip) ae ae 
Broadcast 'on soil: =. 2. 1, 0.9] 6 | 2,060 |"-2,005 | 1,510.) 1:885 186L | s.- 23425 
JO Sac {0 aS een a eee res Cok | 6 | 2,480] 1,815 | 1,660] 1,985 Q) ||. eee 
Broadcast on soil_..--._.....___|.-.d0.?__- 8 | 2,300 | 1,520; 1,530 | 1,783 HM EE ee 
wore etes 2 Fo Cea ee |---do.?___| 8 2, 270 2, 145 1,870 | 2,095 20).4 ae ee 
Broadcast on soil3__-_..._..____ | June 154- 6| 2,590 1,645 370:)" 1, 702: [3.2 eee 
iD ial hl es see ee Re ee Dae | hPUaG AS? | 6!) (2, 450)) <2, OO4s aT F227 pikeod 1h fe . SS eee 

May 5: | 
Broadeast ‘on ‘soils: = Ao ote June 8°_| AN» 2,000.14 Fl 220 ys. aoe oe }- 1,635 8255/2 cee 
Du Cs et oe or eee do.5___| 4} 2,060 | 1,675 |.....-.. | 1,867 127 (| cee See 
Brondesst on-soil,.-- 4. 22s Th edo Sol 67) ped, SUD), deed yee 1,602 302 (ess Pe 
PapIGO eet eed eek eS Oi ao Akg 6.225085 24 I o20) Le cia 1, 702 Dt SR ted 
Broadcast on. soil. = FA do.5___| 8 | 1,825 a ee ee 1, 365 155 fl. cee 
Writlad -*. be Sa Se AS Ad do.5___| Bs. 735 7G RE ee }, 280 eke ee 410 
Broadcast on sojl3__..._________ June 25_| 7 Pe eT Fs ee 1, 210, | S228 9. esc ereees 
PUG Se Boe fC ee, te 2 a Se) 15876 Ls) RR a ae 1,000) |. =. aoe 

5 Submerged on June 4, 1923. 

The young rice plant or seedling apparently is unable to adjust 
itself to the sudden change from a dry or moist soil to a submerged 
life. Many young plants are suffocated when submerged in deep 
water (6 and 8 inches), and those which emerge to the water surface 
are slow in regaining, if they ever fully regain, their normal viability. 
However, when the rice seed germinates under water and the seed- 
lings emerge through the water such plants appear to be more vigorous 
than plants grown by the old method of irrigation. 

SPRING PLOWING AND DISKING OF STUBBLE LAND COMPARED 

Experiments comparing spring plowing and disking were conducted 
on land which had been alternately cropped to rice and fallowed in 
the cultural experiments from 1914 to 1921. The land produced a 
rice crop in 1921. The 1922 crop was the sixth rice crop on this 
land in 9 years, the 1923 crop was the seventh rice crop in 10 years, 
and the 1924 crop was the eighth rice crop in 11 years. 

In the spring one series of plats was double disked and harrowed 
each year during the three years 1922, 1923, and 1924. A second 
series of plats at the same time was spring plowed, double disked, 
and dragged. These tillage operations prepared a good seed bed on 
the spring-plowed land, but a poor, hard, grassy seed bed on the 
disked stubble land. 

In these experiments alternate plats, usually inclosed within the 
same levees, were sown broadcast and drilled. Each year the rice was 
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 arrigated and drained three times before the plats were submerged 
to the required depths. On the date of submergence the rice and 
water grass varied in height from 1 to 2 inches. 

Although the plats submerged 6 and 8 inches grew much less wa- 
ter grass than plats submerged 2 and 4 inches, the stands of rice on 
the more deeply submerged plats were too thin to produce good 
yields. The stands on the deep-water plats also were reduced in 
1922 by injury from leaf miners and by the growth of spike rush. 

Spike rush (Eleocharis palustris), locally known as wiregrass, cat- 
tail (Typha latifolia), slender aster (Aster exilis), annual sedge (Cype- 
rus difformis), and canary grass (Phalaris) were very thick each year 
on the disked stubble land. The spike rush, slender aster, and cat- 
tail were especially bad on the disked stubble land in 1923 and 1924. 
These weeds are controlled to a large extent by good spring plowing 
followed by drying weather. 

The annual and average acre yields for the method-of-seeding 
experiments on spring-plowed and on disked stubble land submerged 
at various depths after the rice emerged during the years 1922, 1923, 
and 1924 are given in Table 9. 
Each of the four check plats was a single tenth-acre plat each year 

and irrigated in the old way. The yields of plats submerged 2 inches 
are for single fifteenth-acre plats each year. The circled figures in 
Table 9 represent the number of tenth-acre plats averaged where 
more than one was grown. 

TaBLeE 9.—Yields of rice obtained on spring-plowed and on disked stubble land, both 
drilled and sown broadcast and submerged at various depths after the rice emerged, 
at the Biggs Rice Field Station in 1922, 1923, and 1924 

{ The circled figures represent the number of tenth-acre plats averaged where more than one was grown] 

| 

Submergence Acre yields (pounds) 

Seed-bed prepa- ed of | Conta! 
ration seeding — with chec 

Date acres 1922 1923 1924 ae 

Gain Loss 
z ata E 

Spring plowed_-____ Drilled _____| May 30 2 3, 510 2,115 25310 181256457 Sort pee 
Double disked. -__- ae G6 t22. it © doz. _-' 2 2, 430 1, 395 720:-\.- 1. 515 tenes es 380 
Spring plowed__--_| Broadcast __ __-do -.-_- 4\@ 2,585 |@ 2,935 £670 | ° 2.168 / 943_ 238 
Double disked_--_- felt ra ove ries ee dope. 4 \@) 2,180 |@ 1,335 890) || 4.468. |> 133,242 58 
Spring plowed___-- pbrivleds= do 4'Q@ 2,460 |@ 2,605 | 1.820. 2 205 [= 25 
Double disked_.._- Kye > i ie ae eS 4|@ 2,455 2 Poi) Gsm hs, 762 Mie 133 
Spring plowed_-.-_- | Broadcast --_|--- WO ===) 6 |@ 2,317 |® 2,037 8 1,'870-1.. 2.075) |) 255, eee 
Double disked__--_- (sere 6 (See eee bee Go's. S| 6 |® 1,803 |@ 1,177 710) |g, 250? |= 85 
Spring plowed_____ Drillen ss. C22 dofZs=| 6 |@ 2,248 |@ 2,042 |@ 2,140] 2,143 |__.___ 177 
Double disked_-___- aes MONs Sos 2 © Ao! 6 |@ 2,048 '® 1,383 |@ 975 P2469) [os eee 426 
Spring plowed_____ Broadcast __ __- does. 8 |@ 1,360'@ 1,640 |@ 1,610] 1,587 |-_--_- 283 
Double disked_____|___-- davies. edo 28 8 @® 1,037 @ 980 @ 840 Say AR ee eee 383 
Spring plowed.____| Drilled __.._ __- 2 eet 8 |@ 1,540 |@ 1,950 |@ 1,985} 1,825 |....__ 495 
Double disked_--_-_|_.--- apt. lsaierss GOOG 8 @ 1,405 @ 710 |@ 855 990 [2.63 905 
Spring plowed_.-_. | Broadeast!__| June 16- 6 1, 760 IS SS UH | Sewn se 1,820, |- 2 == |e oe 
Double disked__-_- aes do@ae ts do ...-| 6 1, 780 AC 0s (Se ee eee L335) |. ea 
Spring plowed__-_-- Prilledt,2.- - |. ae. 6 2, 220 pt ADs. = se ot 2 S20. |. ees 

| 6 2, 590 Pee ee 28 1395" (22 See Double disked____- pete dg lrre dor 2. 

1 Used as checks for the two methods of preparation and of seeding, respectively. 

iin these experiments, as in those just described, there was a small 
increase in yield for drilled plats over broadcast plats at each depth of 
submergence. However, the differences aresmall in most instances. 
In irrigating and draining to germinate the seed it was difficult, when 
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broadcast and drilled plats were inclosed within the same lev- 
ees, to handle the water in such a manner that maximum stands 
would be obtained on both plats. Drilled rice does not germinate 
well if excessive moisture is present, while broadcast rice needs a 
very wet soil to insure a high peréentage of germination and good 
stands. The stands each year were better for the drilled plats in these 
and the preceding experiments, probably because moisture condi- 
tions were better suited for drilled than for broadcast rice during 
the period of germination. ; 

The average acre yields for plats sown broadcast and drilled on 
spring-plowed and on disked stubble land submerged 4, 6, and 8 
inches after the rice emerged, decreased in each case with increased 
depths of submergence. The three-year average acre yield of the 
drilled plats for all depths of submergence on spring-plowed land 
was 2,227 pounds, of the broadcast plats on spring-plowed land 1,925 
pounds, of the drilled plats on disked stubble land 1,434 pounds, and 
of the broadcast plats on disked stubble land 1,223 pounds. The 
three-year average acre yield for all plats, including drilled and 
broadcast, on spring-plowed land submerged 2, 4, 6, and 8 inches 
was 2,098 pounds and on disked stubble land 1,344 pounds, or an 
average difference of 754 pounds per acre in favor of the spring- 
plowed plats. This increase in yield (754 pounds per acre) is signif- 
icant and shows the advantage of plowing for rice. The chief 
benefits of plowing are erably due to the control of such weeds 
as spike rush, cat-tail, slender aster, canary grass, and perennial 
sedge, which were largely responsible for the low annual yields on 
the disked stubble land. 

The method of irrigation used in this series of experiments, as pre- 
viously stated, is inferior to continuous submergence immediately 
after broadcasting, both in the control of weeds and in rice yields. 

EXPERIMENTS ON RATE OF SEEDING AND METHOD OF IRRIGATION 

Rate-of-seeding and method-of-irrigation experiments were con- 
ducted on land previously used in the irrigation experiments. The 
land was fallowed in 1921. The 1922 crop was the sixth rice cro 
in 9 years, the 1923 crop was the seventh rice crop in 10 years, an 
the 1924 crop was the eighth rice crop on this land in 11 years. In 
the spring of 1922 the land was twice double disked, harrowed, and 
dragged. For the 1923 and the 1924 crops the land was spring plowed, 
anole disked, harrowed, and dragged. These tillage operations 
resulted in a good seed bed each year. 

On series 1 the rice was sown broadcast and the plats were immedi- 
ately submerged about 6 inches. On series 2 the rice was drilled and 
irrigated and drained twice before emergence. It was then sub- 
merged about 6 inches. On series3 the rice was drilled and irrigated 
and drained at 10-day intervals until 30 days after emergence. It 
was then submerged about 6 inches. 

The plats on which the rice was sown broadcast and immediately 
submerged (series 1) were practically free of water grass and spran- 
eletop each year. There was some annual sedge on certain of these 
plats each year, due to thin stands of rice. Plats on which the rice 
was drilled and irrigated and drained twice before submergence (se- 
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ries 2) had a good deal of water grass and sprangletop present each 
year. The plats irrigated in the old way (series 3) were foul in 1922, 
very foul in 1923, and extremely foul in 1924. 

Table 10 presents the annual and average acre yields for the rate- 
of-seeding and method-of-irrigation experiments during the three 
years, 1922, 1923, and 1924. 

The annual yields reported in Table 10 are for single fifth-acre 
plats each year. The plat sown at the rate of 190 pounds in series 
1 is more favorably located with reference to drainage than the other 
plats, and this may have influenced yields. 

In 1922 on fallow land the average acre yield, including all rates of 
seeding, was about thesame for allseries. In 1923 the average acre 
yield, including all rates of seeding, was higher for series 1 than for 
series 2 and considerably higher than for series 3. In 1924 the aver- 
age acre yield, including all rates of seeding, was 2,502 pounds for 
series 1,947 pounds for series 2, and 566 pounds for series 3. It is 
interesting to note that the average acre yield, including all rates of 
seeding for series 1, was higher in 1924 than in either 1922 or 1923, 
while the average acre yield, including all rates of seeding for series 
2, was 16 per cent lower in 1923 and 60 per cent lower in 1924 than in 
1922. For series 3 the average acre yield, including all rates of seeding, 
was 30 per cent lower in 1923 and 75 per cent lower in 1924 than in 
1922. The results show that during the period of cropping covered 
by the experiment yields were maintained at about 2,200 to 2,500 
pounds when water grass and other weeds were reasonably well con- 
trolled. Where weeds were not controlled there was a rapid decrease 
n yield, the decrease being proportional to the increased weed growth. 
1 
TasBLeE 10.—Yields of Caloro rice obtained in the rate-of-seeding and method-of-irri- 

gation experiments at the Biggs Rice Field Station in 1922, 1923, and 1924 

| 
Acre yields (pounds) 

Series 1 Series 2 Series 3 | Three-year averages 

Rate of seeding | es Sown | Sown S°w2 | Sown | Sown | Sown | Sown Sown | 
May 5,| May IMay 8 April | April | April | April | April | April | 

MeaOca ores S265 le sds" ali, ne IL 205 30, 26s al : ae eee 
sub- sub sub- gabe losabe |b sub “s re sub Series Series Series 

imerged Salinerped |e a) a (ak Dk Sl ee 2 3 
‘May 9 ged merged merged merged merged merged merged 
3 1922 ay 49 1924 May | May | May | June | June | June 
| 11, nig 4 23, 1922/25, 1923/20, 1924/18, 1922/14, 1923) 12, 1924 

| ; eS 

115 pounds_____- 1,840 | 2,325 | 2,580 11,350 | 1,830 935 | 1,690 | 1,355 | 460 | 2,248 | 1,372 | 1,168 
130 pounds. ____- 1, 860 | 2,285 | 2,710 | 2,650 | 2,300 | 1,065 | 2,925 | 1, 805 700 | 2,285 | 2,005 | 1,810 
150 pounds.____- 2, 980 | 2,075 | 2,335 | 2,735 | 2,140 | 1,060 | 2,660 | 1,730 | 630 | 2,463 | 1,978 | 1,673 
175 pounds__-_-__-! 71,815 |21,800 /21, 740 |22, 380 |21,690 | 2650 | 2,295 | 1,530 | 530 | 1,785 | 1,573 | 1, 452 
190 pounds-_-_____ | 3,125 | 2,555 | 3,145 | 2,605 | 1,845 | 1,025 | 1,720 | 1,435 510 | 2, 942 | 1,825 | 1, 222 

Average “4 2, 324 | 2,208 | 2,502 | 2,344] 1,961) 947 | 2-258.) 1,571 |  5€6 |_----__|._-_. J. 
[ , ad | | 

1 Yield reduced by leaf miners. 2 Yields probably reduced by nonuniform land. 

- In general, rice growers agree that it requires more seed to obtain 
good stands when sown broadcast than when drilled. The three- 
year average acre yields in Table 10 show that the plats sown broad- 
cast in series 1 gave the highest yields from sowing at the rate of 150 

69574—26t+—3 
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and 190 pounds per acre, whereas the drilled plats in series 2 and 3 
' gave the highest yields from the 130 and 150 pound rates. On the 

other hand, each rate of seeding in series 1 produced a higher aver- 
age acre yield than the corresponding rate in series 2, and likewise 
each rate of seeding in series 2 outyielded the corresponding rates in 
series 3. This emphasizes the fact that the method of irrigation, 
because of its effect on grass control and consequent rice yields, is the 
most important factor for consideration. 

iii EXPERIMENTS ON SEED-BED PREPARATION 

S1X rice crops in nine years and was very foul. It produced a crop 
in 1921 by continuous submergence. The land was spring plowed, 

| double disked, and dragged in the spring in 1922 and 19238, except 
| two plats which received no seed-bed preparation in 1922. In 1924 
Mt the experiments and yields here reported were obtained on the first 
il eight plats of series 300, 400, 500, and 600. 

| The land on which seed-bed experiments were conducted had grown 

The yields for the plats submerged 4 inches in 1922 and 1923 were 
obtained from single half-acre plats; those for the plats sown broad- 
cast and submerged 6 inches were from duplicate half-acre plats; 

Hl those for plats sown broadcast in 6 inches of water were from single 
| third-acre plats; those for plats sown broadcast and submerged 8 

| inches were from duplicate and triplicate half-acre plats, respectively; 
i those plats sown broadcast at the rate of 200 pounds per acre were 
| from triplicate third-acre plats; and those for plats sown on unpre- 

ared land were from single fourth-acre plats. The yields reported 
| or 1924 were obtained on tenth-acre plats, and the circled figures 
i given with the data in Table 11 indicate the number of plats aver- 

aged where more than one was grown. ‘The rice was either sown 
I broadcast and immediately submerged to the required depths, or the 
| land was submerged and the rice then sown broadcast in the water. 

TaBLE 11.—Yields of Caloro rice obtained by broadcast seeding on well-prepared, 
| poorly prepared, and unprepared seed beds !with different depths of submergence 
| at the Biggs Rice Field Station in 1922, 1923, and 1924 

[The circled figures indicate the number of plats averaged where more than one was grown] 

Depth | 
Seeding Date of | of Sub- Acre yields (pounds) 

| cretion andes gence | 

| | Date Method | OBS” | 1922 | 1923 | 1924 | x 
Ht! 

| 
| | 

ih Good .......--...| May 9 | Broadcast ....-.---- May 11 4| 3,492| 2,148 |@ 2,583| 2741 
H| resi.) -<do és) 5 ede Soe 6| 3,553| 1.959|@ 2440| 2.651 

iki? ) ES Doe meee epee May 15! | Broadcast in water_|__-do-.-- 6| 3,144); 1,941 1, 625 2, 237 
Ht Dope a? | May 9? Broadcast ---... -._- ead Oss. o 8 | 3,589] 2,661 |© 1,973 2, 741 
i) BT bg oe Ger, (aay i's, Ae ig Cont) eee sed ae ae 6 | = 2,500) * 2,080). |S sks ss | 2,310 
Wi | Poor. .8 eek dees ie 8 GLEE 22 eine ae) a Edit => ces OES SS Se a1) ee ates @ 15425328 ceee 
| None or poor... 5 0 ip ee ee Q0e 2 eee doi-== Gilicwes WEB 52. cna 1; 257 ie "2012 
! ) 0f0) ee See do So ser ts: GOi22) 2s EE dO Fay gle 22 ee A oe eee | 645 12. eee, 
| } | 

| 1Submerged on May 14, 1923. 2Sown at the rate of 200 pounds per acre. 
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WEED CONTROL 

_ Effect of good preparation.—On well-prepared seed beds there was 
very little water grass on plats continuously submerged 4, 6, and 8 
inches, except for the white, or ‘‘ Japanese,”’ barnyard grass, which 
was present to a considerable extent on all plats in 1921 and 1922 
‘and was sufficiently thick in 1923 to reduce rice yields materially. 

The results indicate that white water grass can not be controlled 
by continuous submergence at these depths. Observations along 
‘barrow pits’ at the base of levees and in dead furrows indicate that 
water ranging from 10 to 15 inches deep does aid materially in the 
control of white water grass. At such depths, however, it is dif- 
ficult to get good stands of rice, and it is impracticable also to hold 
the waterso deep. It therefore appears that white water grass when 
thin should be hand pulled to prevent spreading. 

Effect of no preparation.—The plats sown in 1922 on stubble land 
without seed-bed preparation and those sown in 1924 on double-disked 
stubble land were very foul with spike rush, cat-tail, slender aster, and 
canary grass. Barnyard grass also was much thicker than on plats 
which were spring plowed. Some water grass usually germinates in 
the spring before the rice land is prepared for seeding, and such plants 
must be killed by cultivation, as it is practically impossible to control 
or suffocate them with water 6 to 8 inches deep. 

Control of cat-tail.—Seeding at the rate of 200 pounds per acre on 
land badly fouled with cat-tail did not check its growth. However, 
observations during past years indicate that on clean land good stands 
of rice are very helpful in preventing cat-tail from becoming estab- 
lished. Cat-tail usually first appears in a field where the stands of 
rice are poor; that is, along the levees and on low land where it is 
difficult to obtain good stands of rice. 

YIELD DATA 

Table 11 presents the annual and average acre yields from the 
seed-bed preparation experiments for the three-year period. On a 
well-prepared, seed bed there is little difference in the average acre 
yields of plats sown broadcast and immediately submerged 4, 6, or 
S inches. The average yield of the plats sown broadcast in 6 inches 
of water was considerably less than for the plat sown broadcast and 
immediately submerged 6 inches. The yields on unprepared and 
poorly prepared seed beds, while fragmentary, indicate that there is 
more effect on yield from depth of submergence. All of the data 
taken together show conclusively that good seed-bed preparation is 
a desirable practice. On poorly prepared seed beds acre yields are 
materially reduced by competition with weeds, such as spike rush, 
cat-tail, slender aster, and water grass. 

RATE-OF-SEEDING EXPERIMENTS 

EFFECT OF VARIETY 

Those who are familiar with the growing of cereal crops know that 
the maximum yield of a given variety is not likely to be obtained from 
the same rate of seeding every year. However, in a period of years 
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each variety probably will produce its maximum average yield at 
some constant rate of seeding. It is not possible to conduct a rate- 
of-seeding experiment for each variety, because of the large number 
of varieties. Recommendations as to the best rate of seeding are 
therefore usually based on the results of rate-of-seeding experiments 
with one or two of the leading commercial varieties grown in a. 
given area. 

The rate of seeding rice is influenced by many factors, some of the 
most important of which are variety, age of seed, quality of seed, 
date of seeding (temperature), depth of seeding, method of seeding, 
condition of the seed bed, method of irrigation, and kind of land, 
whether new or old, rich or poor. 

In 1921 a rate-of-seeding experiment was started, including three 
varieties of rice—Selection No. 175, Caloro, and Wataribune (C. I. 

No. 1561). The land 
used for this experi- 
ment was fallowed in 
1920. The 1921 crop 
was therefore grown 
on fallow land, and 
the 1922 and 1923 
crops were grown on 
spring-plowed — stub- 
ble land. 

Each varietal rate- 
of-seeding experiment 
was located on the 
same plat each year. 
A reasonably good 
seed bed was pre- 
pared before seeding. 
The rates of seeding 

2250Y for each variety 
ranged from 85 to 175 
pounds per acre. The 
rice on all plats was 

BS /00 WS 130 150 77s sown with a drill on 
RATES OF SEEO/NG (GOUNDS) the same date each 

Fig. 4.—Average yields of three rice varieties grown in rate-of-seed- Year. ’ 
ing experiments at the Biggs Rice Field Station in 1921, 1922, and After seeding, all 
1923 

plats were irrigated 
and drained at frequent intervals until 30 days after the rice emerged. 
The land then was submerged about 6 inches and the water held 
at this depth until the land was drained for harvest. Each year 
the water grass which appeared was hand pulled before it reached 
maturity. 

F500 

F250 

@ 8 ) 

2500 

WELOS PER ACRE (POUNDS 

\) N Q 

YIELD DATA 

Table 12 presents the annual and average acre yields for the rate- 
of-seeding experiment with Selection No. 175, Caloro, and Watari- 
bune in 1921, 1922, and 1923. The average data are shown graphi- 
cally in Figure 4. For Selection No. 175 the average acre yield 
increased for each increased rate of seeding from 85 to 150 pounds 
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perfacre. The average acre yields for Wataribune show consistent 
increases with increased rates of seeding from 85 to 150 pounds per 
acre except for the 130-pound rate. For Caloro the average yield 
did not show consistent increases for increased rates of seeding. The 
highest average yields were obtained from the 175-pound and 150- 
pound rates, although that for the 100-pound rate was nearly as good. 
These results indicate that on old land rice probably should be sown 
at the rate of about 150 pounds per acre. 

The three-year average acre yield of the three varieties at all rates 
of seeding was 2,876 pounds for Selection No. 175, 2,718 pounds for 
Caloro, and 2,801 pounds for Wataribune. 

TABLE 12.—Yields from tenth-acre plats of Selection No. 175, Caloro, and Watari- 
bune rices grown in rate-of-seeding experiments at the Biggs Rice Field Station in 
1921, 1922, and 1923 

Acre yields (pounds) 

Selection No. 175 Caloro Wataribune | Three-year average 
Rate of seed- | | 

ing iP SECM ch yee) Rees l l= am als 
| | | SE Guiaelaes 

91 | | | | tion alo- |Watar- 
1921 | 1922 | 1923 | 1921 | 1922 | 1923 | 1921 | 1922 | 1923 No. rom dna 

| 175 

85 pounds-__---. 1, 880 | 2,450 | 2, 450 | 2,380 | 2,690 | 1,650 | 2,150 | 2,340 | 2,140 | 2,260 | 2,240 | 2,210 
100 pounds----- 2,660 | 2,560 | 2,140 | 2,630 | 3, 260 | 2,640 | 2,800 | 2,650 | 2,310 | 2,453 | 2,843 2, 587 
115 pounds--___} 2, 710 | 2,920 | 2,650 | 2,460 | 3,170 | 2,550 | 3,210 | 3,170 | 2,790 | 2,760 | 2,727 | 3,057 
130 pounds-_-___- 2,740 | 3,630 | 3,350 | 2,510 | 2,980 | 2,470 | 3,160 | 3,160 | 2,680 | 3,240 | 2,653 | 3,000 
150 pounds_-___- 3, 030 | 3,510 | 3,540 | 2,860 | 3, 180 | 2,600 | 3,640 | 3,110 | 2,620 | 3,360 | 2,880 | 3,123 
175 pounds_---_- 2, 450 | 3,820 | 3, 280 | 3,080 | 2,900 | 2,917 | 3; 290 | 2,770 | 2,420 | 3,183 | 2,966 | 2,827 

Average -_| 2, 578 | 3, 148 | 2,902 | 2,653 | 3,030 | 2,471 | 3,042 | 2,867 | 2,493 | 2,876 | 2,718 | 2,801 
! | ! : | . 

EFFECT OF CONTINUOUS CROPPING ON RICE YIELDS 

In the older rice-producing countries of the world rice is reported 
to be grown on the same land year after year. If this is a common 
practice there is little doubt that every available means is utilized to 
maintain and if possible increase the fertility of the soil. The use of 
manure, green manures, compact materials, sediment from the beds 
of streams, and commercial fertilizers when practicable is reported 
to be common on such lands. 

In California three or four crops of rice are all that usually have 
been profitably grown in succession on the same land. This is 
due largely to the fact that weeds, especially water grass, increase 
so rapidly that rice yields are seriously reduced thereby and not 
because the rice has robbed the soil of its fertility. 

Kvery agricultural section has its weed problems, and the solution 
is usually diversification and rotation of crops. Maximum yields 
with all cereal crops are usually obtained in rotation systems and 
not by continous cropping. The yields obtained from rice grown on 
the same land 11 of the 12 years from 1913 to 1924, inclusive, are 
presented in Table 13 and are shown graphically in Figure 5. The 
yield in 1913 was the average from 10 tenth-acre plats. Yields in 
1914, 1915, and 1916 were from 12 tenth-acre plats, and those from 
1917 to 1924, inclusive, were from 5 tenth-acre plats. 
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The soil on which these yields were obtained is Stockton clay 
adobe. From 1913 to 1920, inclusive, the land was fall plowed 
(except in 1918), well prepared in the spring, and kept free from 
water grass and cat-tail. For the 1918, 1922, and 1923 crops the 
land was spring plowed, and for the 1924 crop the land was winter 
plowed. In each of these years a reasonably good seed bed was pre- 
pared after plowing. From 1913 to 1920, inclusive, the rice was 
erown by the old method of irrigation, all rice was sown with a drill, 
and water grass and cat-tail were hand pulled. In 1922, 1923, and 
1924 the five plats averaged for the yearly yield were treated as fol- 
lows: One plat was drilled on April 25 and irrigated in the old way; 
a second plat was sown broadcast on April 25 and immediately sub- 
merged 8 inches; a third plat was sown broadcast on May 15 and 
immediately submerged 4 inches; a fourth plat was sown broadcast 

in 6 inches of 
water on May 16; 
anda fifth plat was 
sown _ broadcast 
and immediately 
submerged on 
May 25. Theav- 
erage acre yields 
of these five plats 
are lower than 
they should be 
each year, because 
both good and 
poor methods of 
production are in- 
volved, and only 
the best method 

mee 

Po0wNv2s) 

(Fa PPNATEEEE 
COENEN 
COLES N See 

Pie gh ie at = t. . aa Sey | % . 

eg F FF § FF LF FF experiment. 
CONTINUOUS CROPPING FO RICE Land on which 

Fig. 5.—Annual yields of rice grown continuously at the Biggs Rice Field rice has not been 
Station on the Same land from 1913 to 1924, with one intervening yearof STOWN before usu- 
fallow in 1921 

ally produces 
about 30 per cent more per acre than second-year or third-year land. 
The annual yields presented in Table 13 do not show a gradual 

8 9 Q 
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‘decline with continued cropping, but they show erratic changes prob- 
ably due to favorable or unfavorable weather conditions in different 
years. The yield in 1914 on second-year land was less than that for 
1915 on third-year land. Likewise, the yield for 1916 on fourth-year 
land was less than that for 1917 on fifth-year land, and the yield in 
1917 was just about the same as that for 1914. Such fluctuations in 
yield from year to year are to be expected, and they emphasize the 
important effect of seasonal conditions as well as soil upon crop yields. 
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TABLE 13.—Yields of rice grown continuously on the same land for 11 years in 12 
‘ at the Biggs Rice Field Station from 1913 to 1924, inclusive 

| 
Acre 

Variety | Year | yields (Crop No. Remarks 
| (pounds) 

USEC fs Ce aes PT ee oe 1913 5, 677 1 Grown on new land. 
Tee DE ee eee 1914 3, 692 2 Land fall plowed. 

pene ee ea Ae 1915 3, 914 3 Do. 
iD3 2s. 5 ee eee eee 1916 3, 231 = Do. 
lip: eee ee 1917 3, 704 5 Do. 
Dee = ee 1918 2, 628 6 | Land spring plowed. 
[Ge 2 5 ea 1919 1, 59§ 7 Land fall plowed. 
iLL 7lL = eee 1920 | 1, 208 8 | Yield from spring-threshed plats. 
nS A ee Fallow 
DA aR as 2 ast See ee ee eee ee | 1922 | 3, 092 9 Yield on fallow land. 

(Cf Se ee \ eee 1923 | 1, 672 10 Land spring plowed. 
by been t8 5 ee eee 1924 | 1, 094 11 | Land winter plowed. 
Average: 

11 years, 1913 to 1924, with 1921 Sap incase S64 22 sa. oss 
omitted 

12 years, 1913 to 1924, all inclusive_|_._.___. P2449. (3s Se eed 

Allowing to seasonal fluctuation its full importance in affecting 
yield, there is yet apparent a distinct decline in acre production be- 
tween the beginning of the experiment in 1913 and the present in 
1924. During the first six years of continuous cropping to rice each 
year the yields were profitable. In the second 6-year period the only 
profitable crop was that of 1922, and this was grown on fallow land. 
The yields in 1919 and in 1920 were not profitable. The threshed 
yield of 1920 was decreased by winter exposure; but if the yield ob- 
tained is increased by one-third it would still be only 1,600 pounds, 
which is below the limit of profit for that year. The data indicate 
that rice can not be profitably grown continuously on the same land 
by the old method of irrigation for more than six years in succession, 
even though weeds are kept under control. Data on methods of 
irrigation, which are given elsewhere in this bulletin, indicate that it 
may be possible to crop continuously for a longer period where irri- 
gation is by continuous submergence. These data cover a period of 
only three years, however, and are therefore not conclusive. 

The 11-year average yield from 1913 to 1924, with 1921 omitted, 
was 2,864 pounds, and for the 12-year period from 1913 to 1924, all 
inclusive, 2,626 pounds per acre. These are profitable average crops 
for the entire period, but the high average yield in each case is due 
to the high acre yields during the first six years of continuous cropping. 

VARIETAL EXPERIMENTS 

One of the principal lines of work at the station has been the 
testing of many varieties of rice from various sources in the hope of 
finding some that are superior in yield and milling quality to those 
now being grown commercially in California. 

CLASSES OF RICE 

The varieties of rice commercially grown in the United States are 
classed agronomically as long grain, medium grain, and short grain. 
By the Bureau of Agricultural Economics of the United States De- 
partment of Agriculture these rices are classed as long grain, short 
grain, and round grain, respectively. The short-grain rices have 
small stalks, narrow leaves, and short, round kernels. The medium- 
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grain rices have rather coarse stalks, comparatively wide leaves, and 
! kernels of medium length. The long-grain rices have large stalks, 

wide leaves, and long kernels. The short-grain and medium-grain 
rices usually stool more heavily than the long-grain varieties.: 

Only a small acreage in Louisiana, Texas, and Arkansas is annu- 
ally devoted to the short-grain rices, of which Wataribune is proba- 
bly the leading variety. In California about 99 per cent of the rice 
crop consists of short-grain rices, of which Caloro, Early Wataribune, 
Colusa, and Onsen are the leading varieties. 

VARIETIES GROWN ON TENTH-ACRE PLATS 

During the six years from 1919 to 1924, inclusive, 20 varieties and 
selections of short-grain rice, 1 medium-grain variety, and 3 long- 
grain varieties were grown in the field plats at the station. 

YIELOS PER ACRE POUNDS) 
Oo 500 000 4500 2000 2500 3000 
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/ 

j Fig. 6.—Average yields of representative varieties of the three standard types of rice and of different 
| ! groups of these types grown at the Biggs Rice Field Station during the 6-year period from 1919 to 1924, 

inclusive 

| In 1919 the varietal experiment was conducted on fallow land that 
i had produced two crops of rice, in 1920 and 1921 on fallow land 
ij that had produced three crops of rice, in 1922 and 1923 on fallow land 
i that had produced four crops of rice, and in 1924 on fallow land that 

had produced five crops of rice. The seed bed and stands were good 
each year. 

Table 14 gives the yields of the 24 varieties and strains during 
this period. In the table the short-grain rices and selections are 

| grouped into early, mid-season, and late-maturing varieties. The 
| medium-grained varieties are of the mid-season group, and the long- 

fi grain rices are mid-season and late-maturing varieties. The average 
| yields of representative varieties of the different types and groups 

are shown graphically in Figure 6. 
| 

{ 
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During the six-year period from 1919 to 1924, inclusive, the short- 
grain mid-season group represented by Selections Nos. 1561—3 and 
1561-2 produced higher average acre yields than the short-grain late 
group represented by Selections Nos. 115 and 114. The long-grain 
mid-season variety, Selection No. 113, produced a higher average acre 
yield than either the mid-season neue variety Early Prolific, 
the long-grain late variety Honduras, or the early short-grain variety 
Colusa. 

TABLE 14.—Yields of 24 varieties and selections of rice grown at the Biggs Rice Field 
Station during the six-year period from 1919 to 1924, inclusive 

Acre yields (pounds) 

Type, group,and | C.I. | Averages 

Medea Ns 1919 | 1920 | 1921 | 1922 | 1993 | 1994 | a ORF, Bi 
: | 1919 1922 1920 | 1919 

atone set to to 
1921 | 1924 | 1924 | 1924 

| = ——7 Lex = <. | 7; } | | 

SHORT GRAIN 
| 

Early group: | 

@aniste= =~.) | 1600 | 1,500 | 1,750 | 1,730 | 2,000 | 1,930 | 2,442 | 1,660 | 2,124 | 1,970 | 1,892 
(Oni a) 2 ee Aa ee ee Fe es ae ee 15790") £2. 170") 25343" | 2, LOU = 4 eee 

Mid-season group: 
Wataribune Selec- | | 
iON Bet es 1561-3 | 3,960 | 2,640 | 3,130 | 3,150 | 2,273 | 2,673 | 3,243 | 2,699 | 2,773 | 2,971 
Og ke 1561-4 | 2,860 | 2,550 | 2,900 | 2,610 | 2,910 | 2,629 | 2,770 | 2,716 | 2,720 | 2,743 
Doe s2 =the 1561-2 | 2,805 | 2,020 | 3,010 | 3,200 | 3,060 | 2,761 | 2,612 | 3,007 | 2,810 2,809 

Caloros22=5~... =. 1561-1 | 3,904 | 1,730 | 2,610 | 2,583 | 2,497 | 2,761 | 2,748 | 2,597 | 2,426 | 2,673 
ilies thee ce | 1564 | 2,220 | 1,830 | 2,100 | 2,200 | 1,890 | 2,497 | 2,050 | 2,196 | 2,103 | 2,123 
Fukuyama... -.-_---- | 2293 | 2,600 | 1,820 | 2, 460 | 1,950 | 2,100 | 2,849 | 2,293 | 2,300 | 2,236 | 2, 297 
Selection No. 116__).....--- 3,005 | 2,200 | 2,290 | 2,510 | 3,810 | 2,684 | 2,498 | 3,001 | 2,699 |__..__ 
Selection No. 175__|..-.---- 3, 250 | 2,150 | 2,890 | 2, 590 3, 350° | -2,409'| 2,763 | 2,783 | 2,678 | 6 
Selection (NoO-127- +22. =2) 3. -=_8- 1, 820 | 2,360 | 2,150 | 3,320 | 2,651 |_.-___- 2, (07 | 2; 460 | 
Selection No. 209__/_......- 2,650. | 2, 150°} 2,980 | 2,430 | 2,280 |-22--.- QI BOR mse = [=e Ss ee 
Selection No. 161_-|....--.- 2,900 | 2,000 | 2,210 | 1,870 | 1,410 |_--_-_- Sn (ie Seen perree28 eats 
Selection No. 165_-!....-..- Bs DOO 40) | eso ZeLOLY 25670) 1225209) eS 27513) 
Selection INio.13422 |. 2). oneness = |) 3, 180.|-2; 800+ 2,340 | 2,761 |__.- -- 2: 63412 eee eee 
Early Wataribune |_.-...__|-___-. ee 1 2,690 | 2,687 3,091 |_.--_-- 2, 823-)22535-8o eee 

Late group: ‘ 
Selection No. 115_-|_.-..--- 3, 250 | 3,140 | 2,910 | 2,730 | 2,670 | 2,222 | 3,100 | 2,541 | 2,734 ! 2,820 
Selection No. 114__}___.-._. 3, 870 | 2,690 | 2,520, | 2,250 | 2,590 | 2,441 | 3,027 2,427 | 2,498 | 2,727 
Wataribune __--..- 1561 | 2,854 | 2,410 | 2,380 | 2,400 | 2,270 | 2,310 | 2,548 | 2,327 | 2,354 | 2,437 
Tse-Nishiki -__.--- 2332 | 3,100 2, 590 | 2,420:| 1,980 | 2,600 |.------ PS (15 | eee eee | ----- 

MEDIUM GRAIN | | | | 

Mid-season group: 
Karly, Prohfie:-*2.=|==_2 . 2. | 3,260 | 1,680 | 2,040 | 1,660 | 2,030 | 2,101 | 2,327 | 1,930 | 1,902 | 2,129 

LONG GRAIN | 

Mid-season group: | 
Selection No. 113_-|_.....-- 3, 200 | 2,250 | 2,400 | 2,640 | 1,660 | 2,310 | 2,617 |.2, 203 | 2,252 | 2, 410 
J EYS By Aye 2) 1 pe fae aS Vee) (aaa pases so] /1, 000 F 2.4001) 2 409" |S so 15993" |aes— ae | eee 

Late group: | | | | 
EFONG@HITAS | _ 552 1643 | 2, 350 | 1,580 | 1,710 | 2,000 | 2,050 | 1,749 1, 880 | 1,933 | 1,818 | 1, $07 

| } | } I 

Dividing the six-year period into shorter periods, it is seen that 
the general result is very similar. 

During the first three-year period, 1919, 1920, and 1921, when 
grown on third-year and on fourth-year land, the short-grain mid- 
season variety Selection No. 1561-3 produced the highest average 
acre yield; during the second three-year period, 1922, 1923, and 
1924, when grown on fifth-year and on sixth-year land, the variety 
Selection No. 1561-2, of the same group, was the leader. During both 
the first and second three-year periods the short-grain late group, 



96 BULLETIN 1387,-U. S. DEPARTMENT OF AGRICULTURE 

represented by Selection No. 115, ranked second, and the long-grain 
mid-season group, represented by Selection No. 113, ranked third in 
yield. The only divergence from the six-year averages noted in the 
shorter periods is in the replacement of the medium-grain mid-season 
Early Prolific, occupying fourth place during the first three-year 
period, by the short-grain early group, represented by Colusa, during 
the second three-year period. The change in relative rank of these 
two groups during the second three-year period also was great enough 
to give a similar ranking for the five-year period from 1920 to 1924, 
inclusive. 

The average yields of the highest producing mid-season and late 
short-grain rices during the six-year period from 1919 to 1924, inclu- 
Sive, are nearly the same. The difference in average yield of the 
highest yielding varieties in these two groups is probably not sig- 
nificant. The highest yielding mid-season and late-maturing short- 
grain varieties, however, undoubtedly are superior to the mid-season 
medium-grain variety Early Prolific, the late long-grain variety 
Honduras, and the early short-grain variety Colusa, while the dit- 
ferences in the average yields of the three varieties last named are 
probably not significant. 

On old rice land the mid-season and late-maturing short-grain 
varieties produce about the same average acre yields, whereas on new 
or rich land the late-maturing varieties are usually most productive. 
This indicates that with continued production the fertility factor is of 
some importance. Qn the soil at the station rice yields have been 
materially increased by the application of 100 pounds of ammonium 
sulphate per acre or by plowimg under a bur-clover crop just before 
sowing the rice. This indicates that this soil (Stockton clay adobe) 
is somewhat deficient in nitrogen, at least to the extent that this 
plant food is a limiting factor in the yields of rice. If nitrogen is 
the limiting factor in rice production on this soil, and if there is only 
sufficient available nitrogen to produce an average acre yield of 3,000 
pounds of paddy rice, then the mid-season short-grain varieties are as 
likely to produce a maximum yield 4s are the late short-grain varieties. 
That this assumption is correct is shown by the fact that varieties in 
either group are capable under suitable conditions of producing much 
higher average acre yields. 

The leading commercial variety at the present time is Caloro, a 
short-grain mid-seasonrice. Next inimportance is Early Wataribune, 
also of the short-grain mid-season group. The two short-grain earlv- 
maturing varieties, Colusa (C. I. No. 1600) and Onsen, also are of 
commercial importance. Caloro and Early Wataribune are grown 
both on new and old rice land; Colusa and Onsen are grown only on 
new land or on old land of high fertility. On most of the old rice 
lands the two latter varieties do not yield well because of their 
earliness. 

Table 15 gives the average agronomic data for six varieties of rice 
grown at the station during the seven-year period from 1918 to 1924, 
inclusive. The average date of sowing was April 27, the average 
date of first irrigation was May 2, and the average date of emer- 
gence was May 17, except that for Caloro the date of seeding and 
emergence averaged one day later. 
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TaBLe 15.—Average agronomic data for six varieties of rice grown at the Biggs 
- Rice Field Station during the seven-year period from 1918 to 1924, inclusive 

} | 
| Date of— 8 \Ese 

oS | Cc 
| Shy os 

Type, groups, and ro) = Les 

watery = | scoding (Fist irri} Emer | First | Ful |. | 3 (082 
5 ceding | gation gence | heading | heading Ripening wISes 

s) | | ie 
Fx cal e 

SHORT GRAIN | | 

Early group: 
Colusa ~.-:5=..-- 1600 | Apr. 27 | May 2) May 17 | Aug. 9/| Aug. 23 Sept. 22 33 143 

Mid-season group: 5 
Gator 22205 3 * 1561-1 | Apr. 28 |__-do____| May 18 | Aug. 22] Sept.1 | Oct. 5 | 33 156 

Late group: 
Wataribune ___--_- 1561 | Apr. 27 |---do ....| May 17 | Aug. 30} Sept.8 Oct. 16 | 35 167 

MEDIUM GRAIN 

Mid-season group: 
Early Prolific.____ Fern Se dae 2 2 dota doe do ._..| Aug. 20 | Sept.9 | Oct. 11 | 35 162 

LONG GRAIN rn 

Mid-season group: | 
Selection No. 113_2|_2-2__2.|) +2 doaast jest do ___.|__-do .__.| Aug. 18 | Sept. 3 | Oct. 5|37| 156 

Late group: z 
Ponds <2. | SORE So aeeis (op | Set s (4 5 ae [ee do ____| Aug. 29 | Sept. 21 Oct. 19 | 38 170 

u 

The earliest variety, Colusa (C. I. No. 1600), was ripe on the aver- 
age 143 days after the first irrigation, the average date of maturity 
being September 22. 
the first irrigation to 
reach maturity, the av- 
erage ripening date of 
this variety being Oc- 
tober 19. Late Watari- 
bune, which was grown 
extensively in Califor- 
nia from 1912 to 1917, 
is comparatively late. 
The average date of 
ripening for this variety 
was October 16, or 167 
days from first irriga- 
tion. In the year 1924 
Caloro was grown more 
extensively in Califor- 
nia than any other rice. 
The average date of rip- 
ening of Caloro was 
October 5, and the ay- 

The Honduras variety required 170 days from 

FRET [RRIGATION TO MATURITY GAD 
Oo 5O /20 150 200 

SHOLT GRAIN 
LILLY GROUP 

COLY EY 

“UID SEASON GROUP 
CAILORO 

LATE GROUP 
MIT ARIE UIE 

SIVELY GRAIN 
CH OSEASON GROUP 

LARLY PROLIFIC GOYP ANDO b-4FR/ET 

N 
Y LONG GEW/NV 
k LITE GROUP 

HONOQURAS 

Fic. 7.—Average time (in days) from first irrigation to maturity for 
five standard rice varieties grown at the Biggs Rice Field Station 
during the 7-year period from 1918 to 1924, inclusive 

erage number of days from the first irrigation to maturity was 156 
days. Selection No. 113, a long-grain rice, also matures in 156 days, 
and Early Prolific is intermediate in maturity between Caloro and 
Wataribune, requiring 162 days from the first irrigation to reach 
maturity. The time elapsing from first irrigation to maturity for 
these varieties is shown graphically in Figure 7. 

Colusa is 13 days antler than Caloro and 24 days earlier than 
Late Wataribune. Caloro is 11 days earlier than Late Wataribune 
and 14 days earlier than Honduras. The data in Table 15 were 
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obtained from these varieties grown by the old method of irrigation. 
When grown by continuous submergence after broadcast seeding less 
time is required to reach maturity. The shortening of the required 
season varies from about 5 to 10 days, depending upon the date of 
seeding. | 

VARIETIES GROWN ON SMALL INCREASE PLATS 

The yields of 17 varieties and strains of short-grain rice grown on 
small increase plats during the five-year period from 1920 to 1924, 
inclusive, are shown in Table 16. Of the 17 varieties 2 are early, 11 
are mid-season, and 4 are late maturing. 

Each year the increase varieties were grown on fallow land. 
In 1920 and 1921 the varieties were grown on single sixtieth-acre 
lats, in 1922 on single thirtieth-acre plats, in 1923 on single thirty- 
ourth-acre plats, and in 1924 on three thirty-third-acre plats. 
During the four-year period from 1921 to 1924, inclusive, the 

highest average acre yields were produced by the mid-season rices, 
Selections No. 138, No. 139, No. 218, and No. 233. Selection No. 
138 was not grown in 1920 and is not includec in the five-year aver- 
ages from 1920 to 1924, inclusive. During this period Selections 
Nos. 139, 218, and 233 of the same group were leaders. The aver- 
age acre yield of Omachi (C. I. No. 2316), a late-maturing variety, 
was nearly as high as that of the highest yielding mid-season vari- 
eties for the five-year period. These results, like those from the 
varietal experiments on larger plats, show that the best mid-season 
short-grain varieties yield as well as those of the late short-grain 
group, if not a little better. The highest average acre yields in 
these experiments, as in the regular varietal experiments, were from 
mid-season short-grain varieties or selections of the Wataribune type. 

TaBLE 16.—Yields of 17 varieties and selections of short-grain rice grown in small 
increase plats at the Biggs Rice Field Station during the five-year period from 1920 
to 1924, inclusive 

Acre yields (pounds) 

Group and variety Ge x | Average 

1920 | 1921 1922 | 1923 | 1924 | 
1920 to 1921 to 

| 1924 | 1924 

ee | 
Early group: 

“LAT eae Age pete Oe dt  OSSEES Beinn SPee & 1,350 | 2,488 |.2__._.- Rmioenn| piss 2c 
Cs CRS CFTR TREE BEBE» 22) FES... 2, 686.|\--J,.006 |. 22 =| 

Mid-season group: 
Selection» No: 13922. = —=-== jee ses 3,498 | 3,000 | 2,970 | 3,638 | 3,217 | 3,265) 3,206 
MeleCHOn. INO. glen 2) — ee eo pas 3,696 | 3,180 | 3,420 2, 686 3, 163 5 74) es a 
Selection No. 233..-.-----=--.--.- hie Epa 3, 531 3,120, 3,480 2,788 2,937) 3,171 3, 081 
Ploniian We. 178. es 2h ee 3,465 | 3.060 | 3,480 | 2,788 | 2,882 | 3,135 3,052 
Selection: Nas 214.2292 2" 22 Sees 3, 267 3, 000 | 2,448 3, 234 990 2, 920 
Kokuryo-Miyskoi- =: -2s.2--2-2- 2329 3,069 2,880 | 2,730 | 2,448 | 2,920} 2,809; 2,745 
Selection No. 129__-_---- panes a eS 2,574 | 2,700 | 3,180 | 2,584 | 2,788] 2,765 2, 813 
Calora#. fs tot et Bee eee 1561-1 11,730 2,760 | 2,910 | 2,796 | 3,333 | °2,706 2, 950 
Selection. No: 138_.-...-..--_- poe hee eee | 2,820 | 3,480 | 3,434 By COON | Scan eae 3, 382 
BelOCbION INGS 7 )2 02 ote anal eee aaa 1 * 2.820") 85240") + 25968 1) 3,102 2s ee 3, 030 
Selection NOS 162s s2es20 3 Fe 2 ee eS | 2,520 3,210 | 2618 |. 2/673. \os222222 2, 755 

Late group: | 
Omacti-s2!) 25253) Pues eS 2316 | 3,432 3,300! 3,750 2,788 | 2,376) 3,129) 3,053 
Bhiravama:28s. 2. 24 Sk ee 2307 3,432 «2,700 | 3,480, 2,550 | 2, 387 | 2,910 | 2,779 
arena ._.2-2 0250. 2 ee ’ 2295 2,450 2,150 | 3,570 | 2,414) 1,991 515 2, 531 
PaRANANA fe Sees ee Se ae 2338 |--2----- 2,400 | 3,000 | 2,244 | yA: Pee 2, 499 

1 Yield from tenth-acre plat 
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Jn the varietal experiments on larger plats Selections No. 1561-2, 
No. 1561-3, and No. 1561-4, mid-season short-grain strains, and Se- 
lections No. 114 and 115, late short-grain strains, all produced 
higher six-year average yields than Caloro, which has so emphati- 
cally proved its value in commercial production. Likewise, in the 
increase plats several selections and three named varieties produced 
higher five-year average acre yields than Caloro. It is interesting to 
note, however, that all of the mid-season varieties which exceeded 
Caloro in average acre yield are morphologically the same as Caloro. 
In other experiments, reported hereafter, Caloro is one of the leading 
varieties, with higher yields than the varieties apparently supe- 
rior in the experiments just discussed. These results at least indicate 
the general superiority of the type of which Caloro is representative 
for the general conditions of this section. 

VARIETIES FOLLOWING GREEN-MANURE CROPS IN 1924 

The land on which the green-manure crops were grown in 1923 was 
fallowed in 1922. In the spring of 1923 one variety of mung beans 
and four varieties of soy beans were sown in ridged rows about 34% 
feet apart on a well-prepared seed bed. The beans were irrigated up 
and received a second irrigation on July 18. The mung beans 
grew to a height of about 5 feet and were matted on the ground 
when they were plowed under on November1. The soy beans made 
a much poorer growth than the mung beans, although the Biloxi va- 
riety made a fairly good growth. The other varieties—Black Eye- 
brow, Easy Cook, and Peking—made a rather poor growth. The 
Biloxi variety was plowed under on November 1, and the other three 
varieties were double disked into the ground on‘ the same date. 

About an acre in all was sown to beans, and just west of this area, 
but separated from it by a dividing levee, was about one-half acre 
of land which was fallowed in 1922 and used in 1923 as a garden. 
The garden consisted mostly of tomatoes and melons grown in cul- 
tivated rows. The bean land and garden were kept free of weeds 
during the summer by cultivation and hand hoeing. The vines were 
removed from the garden in November, and an excellent volunteer 
stand of bur clover appeared. The bur clover made good growth 
during the winter and early spring months and stood about 15 inches 
high when it was plowed under late in March, 1924. The bean 
land also was shallow plowed in March and was double disked and 
dragged previous to seeding. A good seed bed was obtained on 
both the garden and the bean land. 

On April 29, 14 varieties of rice were sown in triplicate thirty- 
third-acre plats on this land. The varieties were irrigated the first 
time on April 30. In all there were 42 thirty-third-acre plats, and 
of this number 16 were located on bur-clover land and 26 were lo- 
cated on mung-bean and soy-bean land. The yields obtained from 
the 14 varieties are shown in Table 17. The yields on bur-clover 
land are for single thirty-third-acre plats, except those of Selection 
No. 138 and C. I. No. 1600, which are the average of two thirty-third- 
acre plats. On the mung-bean and soy-bean land the yields are for 
two thirty-third-acre plats, except for Selection No. 138 and C. I. 
No. 1600, which are for single thirty-third-acre plats. 
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TaBLeE 17.—Yields of 14 varieties of rice following green-manure crops at the Bigg 
Rice Field Station in 1924 

Acre yields (pounds) 

9 Je is Cds | z 
Type, group, and variety Nooer| | Mung- Difference 

'Bur-clover| bean and | in favor of 
| land ' soy bean | bur-clover 

land land 

SHORT GRAIN | 
Early group: | 

YOSRUNIIG. 2 r 23s eee oe de ee es Se eee 3, 960 | 1, 996 1, 964 
Onsen 0 2225 Soot EL oS Se ee eee a sel! See 4, 224 | 2, 343 1, 881 
Golisa 28 fotes fo a SS Oe Ee eee, 1600 | 4, 504 | 2, 442 2, 062: 

Mid-season group: | 
SelectionsNo sl 762 2su5 ace Le ee ee ee Sa ee ae | 5, 676 | 2, 67: 3, 003: 
KORUMVO=WiTVOK Ose coeds oo oe a ee ee 2329 5, 412 | 2, 920 2, 492 
WAlOPO ss ee cnt teas acs ced ee oe ee ee | 1561-1 5, 280 | 3, 333 1, 947 
pelection, ING welSs 2) estes. ee ees ee ee er ee 5, 082 3, 163 1, 919" 
PIGIGC HOM OIN Os Dcbee eas Re ce Lb ee Ye See ee ee 4,719 | 2, 937 1, 782 
Selection’ No. 12). 228i. eee ee Se ee ee ee ee 4,719 | 2, 788 1, 931 
Salechion, IND: Wi71> 2223 Ae. ys ee he 2 ee 4, 488 3, 102 1, 386° 
election WO? 214: = Sia. oe US, ES ee ee ee ne 4, 389 3, 234 1, 555 
Selection No. W380i. 42. ks Si Na Sa ee ae 4, 075 | 3, 795 280 
Selection, INGwIB0 28 eee oes ee eS Be ae fod ay 9S Be 3, 729 3, 217 512 

LONG GRAIN | 

Pearly arom Nelsons YH 293 iG 2 Tee Ae ee 5, 049 2, 475 2, 574 

TARY CRAG ss Stata oe wan ee ee ee ee be wee 5 ee 4, 665 | 2, 887 1, 778: 

»m Lhe increase in yields on bur-clover land range from 280 pounds: 
per acre for Selection No. 138 to 3,003 pounds for Selection No. 176. 
The average increase for all varieties was 1,778 pounds per acre, or 
38 per cent. 

‘he yields obtained on the mung-bean and soy-bean land were but 
little, if at all, higher than are usual on ordinary fallow. This may 
have been due to the nitrogenous organic matter plowed under in 
November having been nitrified during the fall and winter months, 
the nitrates thus formed then being leached from the soil by spring 
rains and irrigation water preceding submergence and so lost for 
crop use. The bur-clover crop, on the other hand, was not plowed 
under early enough to permit rapid nitrification, due to the dry soil, 
and as a result the nitrogenous organic matter probably decomposed 
during the growing season and the nitrogen compounds formed as a 
result of this decomposition under water were in a form most avail- 
nee et the ricecrop. At any rate, the result was a material increase 
in yields. 

These results, although not necessarily conclusive, indicate that 
deficiency in available nitrogen is the factor which limits rice yields 
on the soil of the station farm. The data show that yields can be 
increased materially when rice is grown after a winter leguminous 
green-manure crop. The problem is to find a suitable legume which 
can be grown as a winter crop on the old rice lands for green-manure 
purposes. The use of nitrogenous fertilizers also may prove profitable 
in many cases. 

UNURSERY EXPERIMENTS} 

A large number of bulk varieties of rice from various countries, as 
well as many selections made from these bulk varieties, have been 
grown in the nursery experiments at the station. These varieties and 
selections have been grown in rod rows spaced 3 feet apart. The 
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nursery was grown on fallow land and a good seed bed was prepared 
before seeding each year. From the several hundred varieties and 
selections tested at the station only three have been increased for 
commercial use: Colusa (C. I. No. 1600), Butte (C. I. No. 1564), and 
Caloro (C. I. No. 1561-1). A view of the rice nursery at the station 
is shown in Figure 8. 

It is comparatively easy to obtain varieties or selections that have 
one or more desirable qualities, but it is more difficult to find one that 
possesses all the desirable qualities that would make it a popular vari- 
ety with growers, millers, and consumers. From the standpoint of 
the growers earliness, high yield, stiff straw, and freedom from shat- 
tering are the important qualifications. Although freedom from shat- 
tering is essential, the variety must not be too hard to thresh. The 
miller desires a rice that mills well and is in demand on the market. 

Fig. 8.—Rice nursery at the Biggs Rice Field Station 

HEAD ROWS 

Table 18 shows the annual and average yields, in pounds per row, 
of 63 varieties and selections grown in head rows during the six-year 
period from 1918 to 1923, inclusive. The rod rows were 3 feet apart, 
and the plants were spaced about 6 inches apart in the row. When 
the stand was perfect there were 33 plants in each row. Each row 
was a pure line, all seed having come from one plant or panicle. 

In 1918, 1919, and 1920 Wataribune was used as a check, and in 
1921, 1922, and 1923 the Caloro variety was used as a check. 

Of the early short-grain varieties grown during the five-year period 
from 1918 to 1922, inclusive, an unnamed variety (C. I. No. 2116) 
produced an average yield distinctly higher than that of the nearest 
Wataribune check. For the six-year period from 1918 to 1923, inclu- 
sive, C. I. No. 2351, Colusa (C. I. No. 1600) a commercial variety, 
and C. I. No. 1587 all practically equaled the check in yield. 
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(The circled figures represent the number of rows included where more than one was grown] 

variety 

ments at the Biggs Rice Field Station during the six-year period fro 

SHORT GRAIN 

1923, inclusive 

Wataribune __-------| 1561 | 
Early group: 

Tasie 18.—Yields of 63 varieties of rice grown in head rows in the nurser 
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RICE CULTURE IN CALIFORNIA oo 

TABLE 18.—Yields of 63 varieties of rice grown in head rows in the nursery experi- 
ments at the Biggs Rice Field Station during the six-year period from 1918 to 
1923, inclusive—Continued 

Yields per rod row (pounds) 

Type,group,and = ©. I. | | | Average 
variety No. | 

1918 1919 1920 1921 1922 | 1923 
1918 to | 1918 to 

| 1922 | 1923 
| 

z | F : is +) fi aes 

MEDIUM GRAIN | 
| | | | 

Early group: 
NGM ee ys. | 1334 2. 00 1. 50 | 2:25 | 0s |@y 2i25. eases 1.90 [-ee-2-z2 
Unnamed -----. sees | 2019 2. 25 2.00 1. 50 | 1.50 |@ 2.25 |@ 1.12 1.90 | 1.77 

td oe ee 2120 2. 25 1.75 1.25 | ETD. (Gyr 2 NOt oe ee 1:62... ee 
Wataribune ____.____ 1561 | 2.37 3. 00 2. 50 1.62 |@ 1.62|@ 1.25| 2.22| 2.06 
Unnamed ses. 22. - 2151 | 2. 25 1.75 | 1. 50 | O0G|G@ 25503) eae se 1580-2 

Late group: 1a 
San Sabesseear. 552 } 1331 210 5 1275 | 175 \@) 29387. | 2822 oS 2. 07 eae 

LONG GRAIN 

Early group: | 
lipponviswmsA.2* - 1338 1. 62 1525; | 1. 50 15,.25°|@),- 2-00 |@)", 100) || 552 1. 44 

Late group: 
Unnamed #2... 2.2. | 1241 |@ 1.92'1@ 1.50|® 1.08 |@ .25|@ 1.12 |__--..--- iis Saas bes es 

‘Die he Sy A ES ee eee pel HG ew2s 250 |G: 7h iG) 142 1G)! B87cl@)Y 1.62 )22222 | 1528) | 2a2ee = 
Wataribune _._-._.__| 1561 2. 25 2.50| 3.00 1G) 275" 1@' > hiss. B12 1. 96 
Unnamed = a2 — 1 | 1288 2. 25 1. 25 Qo o20 |Geieoe |aees eee 1 stay fel Pes ee 
acreChape f=. = | 1322 2. 00 1. 00 1. 50 | SOON IG@)ypi land. |222e 1835; |-2 
Unrramedt=4 2 2-2 2-2 1546 2. 00 2. 00 Wed 125 |@ye 2e12 |_-22.--_- i 82a 

(0) Seeaee . ee = ee | 1577 2. 50 2020) 1. 50 1550) | Gye2 rote Sees 2... O02 See eos 
Honduras neo 225 IG4G)RM 2 @y 22-75) |@e 12512 |@y 76271@) 2) 25e/@) 1.12 13 ¥/ 1.33 
Wataribune_-____-__- 1561 2. 37 2. 50 2.5 1.12 |@ 1.62/@ 1.25| 2.02 1.89 
Carolina White..._ .| 1644 2. 00 125} 2.50 .87|@ 2.12/@ 1.25| 1.55 1.50 
Carolina Gold_-..-._-| 1645 1.00 . 50 2. 25 | 1.00 i@ 2.25 |@ 1.00 1. 40 1.33 
Unnamed 02.2 2. : | 2155 2. 50 MOB WOW Ta MORAGA 2: 62 |e _ ka Of, 99'| aes Oe 
Wataribune__-______ | 1561 2. 50 2.12 1.75 112 |@. 1.12 ® 1.62 Ae 1.70 

- 

During the five-year period from 1918 to 1922, inclusive, and the 
six-year period from 1918 to 1923, inclusive, the short-grain mid-sea- 
son varieties Bujen-ho (C. I. No. 2322) and the unnamed C. I. No. 
2337 both produced higher average yields per row than the nearest 
checks. Other comparatively high-yielding mid-season short-grain 
varieties during the six-year period were Sekitori (C. I. No. 2342), 
(C. I, No. 2343), and Tama-Nishiki (C. I. No. 2323). 

Of the late short-grain varieties grown during the six-year period 
from 1918 to 1923, inclusive, the four leading varieties were C. I. 
No. 1925, C. I. No. 2359, Usa-Nishiki (C. I. No. 2339), and Yamato- 
Nishiki (C. I. No. 2355). Other high-yielding varieties include C. I. 
No. 2350, Wataribune (C. I. No. 1561), and Wase-Shinriki (C. I. 
No. 2346). 

Of the early-maturing and late-maturing medium-grain rices grown 
during the five-year period from 1918 to 1922, inclusive, none equaled 
the nearest check in yield. Sam Sai (C. I. No. 1331), a late variety. 
and Nun Key, an early variety, were the highest yielding varieties of 
this general type. 

Jippon Tsu (C. I. No. 1338) was the only early long-grain variety 
grown during the five-year period from 1918 to 1922, and it yielded 
considerably less than the nearest check. During this period the un- 
named C. 1. No. 2155, a late-maturing long-grain variety, exceeded 
the average yields of the nearest check. All other varieties of this 
group, except C. I. No. 1577, were distinctly inferior in yield. 
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y experiments at the Biggs Rice Field Station during the 

varieties and selections grown were short-grained rices, 
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TaBLeE 19.—Yields of 115 varieties and selections of rice grown in bulk rows in the 
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BULK ROWS i 

Table 19 shows the annual and average yields in pounds per rod 
row for 115 varieties and selections grown in bulk rows in the nurs- 
ery. These varieties, except new importations, are pure-line varie- 
ties or selections. The rows were seeded at approximately the same 
rate as that used on commercial fields. The yields of the check rows 
are for the Wataribune variety in 1918, 1919, and 1920, and for the 
Caloro variety in 1921, 1922, and 1923. Asarule the bulk rows have 
yielded better than the head rows, partly because of heavier seeding 
and better stands. 

All the varieties and selections grown during the entire six-year 
eriod from 1918 to 1923, inclusive, were short-grain rices, except 

Selection No. 113, a mid-season long-grain rice; Edith, a late-maturing 
long-grain variety; and Selection No. 133, a mid-season medium- 
grain variety. Only two early short-grain varieties, C. I. No. 1992 
and C. I. No. 2008, were grown during the entire six-year period, 
and both are comparatively low in rank. 

During the six-year period from 1918 to 1923, inclusive, many of 
the mid-season short-grain selections gave higher average yields than 
the nearest checks. The seven highest yielding mid-season short- 
grain selections were Nos. 219, 212, 233, 221, 222, 131, and 147, these 
varieties outyielding the nearest check by 0.48, 0.44, 0.43, 0.39, 0.29, 
0.19, and 0.19 pounds per row, respectively. ‘Ten mid-season short- 
grain selections gave average yields equal or superior to the average 
yield of the highest yielding check included within this group. 

Of the late short-grain varieties and selections grown during the 
six-year period six varieties produced higher average yields than 
the nearest check. The highest yielding varieties were Wataribune 
(C. I. No. 1561), C.,I. No. 2030, and Selection No. 206, exceeding 
the average yield of the nearest check by 0.21, 0.14, and 0.08 pounds 
per row, respectively. 

The mid-season long-grain Selection No. 113 was shghtly superior 
to the check in yield; the medium-grain Selection No. 133 and the_ 
late long-grain variety Edith were both inferior to the check. | 

The 23 unnamed varieties grown only in 1920, 1921, and 1922, and 
designated by C. I. numbers from 5306 to 5346, are all medium-grain 
rices. Many of these varieties mature early and yield well, but 
owing to weak straw (lodging) and shattering they are of no com- 
mercial promise. However, some of these varieties, because of heavy 
stooling, early maturity, and good yields, should be of value as breed- 
ing material. : 

SUMMARY 

The soil on the Biggs Rice Field [Station is Stockton clay adobe 
a dark-gray to black clay which is typical of a large area on which 
rice is grown in the Sacramento Valley. 

The summer months are hot and the winter months are cool, with 
occasional freezes. June, July, and August are usually hot. A daily 
range in temperature of 40° F. is common during the growing 
season. 

The average annual precipitation from 1913 to 1924 was 20.85 
inches. December, January, and February are the three months 
of greatest rainfall. | 
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Strong winds sometimes blow from the north or the south, but as 
a rule there is little wind. 

The average evaporation for June, July, and August from 1913 to 
1924, inclusive, was 24.834 inches. The average evaporation from 
April to October, inclusive, for 1914, 1915, 1921, 1922, and 1923 
was 42.090 inches. 

On foul land rice sown broadcast and immediately and continu- 
ously submerged or sown broadcast in the water and kept sub- 
merged thereafter appears to have three distinct advantages over 
rice 1Tigated in the old way: (1) Continuous submergence controls 
to a marked extent the common forms of water grass and also spran- 
gletop, and the rice plants so irrigated are more vigorous and thrifty 
than those grown by the old method of irrigation; (2) depending 
upon the date of seeding, the rice matures from 5 to 10 days earlier 
than when irrigated in the old way, the difference being less from 
early than from late dates of seeding; (3) as aresult of water-grass 
control and better developed rice plants, the acre yields are materially 
increased by continuous submergence, and because of earlier maturity 
the danger of crop loss by early fall rains is lessened. 

The results in the date-of-seeding and depth-of-seeding experi- 
ments indicate that the rice should be sown broadcast comparatively 
early and immediately submerged about 6 inches. 

Experimental results indicate that seeding in the water has no ad- 
vantages over seeding on the soil, except that usually less seed is 
required to obtain good stands. The increased cost of sowing in the 
water, however, more than offsets any saving in seed. 
When rice is drilled and immediately submerged it appears that 

considerable seed rots, this often resulting in poor stands and low 
yields. When stands of rice are poor such weeds as the annual sedge, 
redstem, and cat-tail increase rapidly. 
When rice is drilled or sown broadcast and irrigated and drained 

at frequent intervals until emergence and then is continuously sub- 
merged, shallow submergence at 2 and 4 inches does not effectively 
control water grass. Deep submergence 6 and 8 inches aids in the 
control of water grass, but such depths of submergence also suffocate 
so much rice that low yields are produced. This method of irriga- 
tion is distinctly inferior to continuous submergence, both in the con- 
trol of water grass and in yields of rice. 

The results show that it does not pay to grow rice on a seed bed 
prepared merely by double disking rice stubble land, because such 
weeds as spike rush, cat-tail, slender aster, canary grass, and per- 
ennial sedge reduce yields below profitable limits. Good plowing 
aids materially in the control of these weeds. During the three years 
1922, 1923, and 1924 the average acre yield of the spring-plowed 
land was 754 pounds more than for the disked stubble land. 

The results of the rate-of-seeding and method-of-irrigation experi- 
ments show that the best method of irrigation on foul land consists 
of continuous submergence after broadcasting the rice on the soil. 
The results also indicate that probably rice should be sown at a 
heavier rate when grown by continuous submergence than when 
grown by deferred submergence by the old method of irrigation. 

The results of rate-of-seeding experiments with three varieties in- 
dicate that on old land rice probably should be sown at the rate of 
150 pounds per acre when grown by the old method of irrigation. 
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The results of the experiments on seed-bed preparation for rice 
grown by continuous adinaarecnes show that the best yiclds were 
obtained on well-prepared seed beds on which the rice was sown 
broadcast and immediately submerged 4 to 6 inches. On unpre- 
pared or poorly prepared seed beds such weeds as spike rush, eat- 
tail, and slender aster reduce rice yields below profitable limits. 

The results show that on land foul with cat-tail, a heavy rate of 
seeding (200 pounds per acre) does not help to eradicate it. Good 
stands of rice do aid, however, in preventing cat-tail from becoming 
established on a clean rice field. 

The results of continuous cropping to rice indicate that profitable 
yields can not be obtained for more than six years in succession by 

_ the old methods of irrigation, even when weeds are kept under con- 
trol, and that continuous cropping probably will not be practicable 
when irrigating by continuous submergence. 

The varietal experiments show that medium-grain and long-grain 
rices are not so well adapted to California conditions as the short- 
or rices. During the six-year period from 1919 to 1924, inclusive, 
election No. 1561-3, a mid-season short-grain rice with an average 

acre yield of 2,971 pounds, was the highest-yielding variety. Selec- 
tion No. 115, a late short-grain rice, produced an average acre yield 
for the same period of 2,820 pounds. Forthe same period Selection 
No. 113, a mid-season long-grain variety, and Early Prolific, a mid- 
season medium-grain variety, produced average acre yields of 2,410 
and 2,129 pounds, respectively. 

Colusa (C. I. No. 1600), an early-maturing short-grain variety, 
matures in 143 days from the date of the first irrigation; Caloro, a 
mid-season variety, in 156 days; and Wataribune (C. 1. No. 1561), a 
late short-grain variety, in 167 days when irrigated by the o!d method. 

Of 17 varieties and selections of early, mid-season, and late short- 
erain rices grown on small increase plats from 1920 to 1924, inclu- 
sive, the highest average yields were produced by mid-season selec- 
tions, the late group ranking second in yield. | 

The average increase in yield of 14 varieties grown on bur-clover 
land when compared with the same varieties grown on mung-bean 
and soy-bean land was 1,778 pounds per acre, or 38 per cent. 

The yield of 63 varieties grown in head rows and also 115 varie- 
ties grown in bulk rows in the rice nursery from 1918 to 1923, inclu- 
sive, are presented. Bulk rows produced higher average yields per 
row than head rows, apparently because of heavier seeding. In 
eneral, mid-season and late short-grain varieties and selections gave 

feter average yields in the nursery than the medium or long grain 
types. 
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