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liNTKODUCTÍON 

Since sorghum (Sorghum vulgare Pers.) is quite resistant to drought, it 
has been grown mostly in areas of limited rainfall. However, sorghum 
responds well to irrigation and, at present, with the irrigation system estab­
lished in the Lajas Valley, its culture has been shifted to irrigation agricul­
ture. The native white variety of sorghum is the most extensively planted 
forage, crop for silage in this region. This plant provided the solution for 
the .scarcity of fodder during the long drought periods in this area. 

Although sorghum can be used for grain and forage, it has been used 
mostly as forage specially for silage. According to Hughes ei aL (#)3 sorghum 
silage has largely replaced corn silage in Kansas, Nebraska, Texas, and 
Oklahoma. As they reported, the feeding value of silage made from corn 
and from sorghum is generally considered to be the same. 

Sorghum is produced fairly well on all types of soil, growth being de­
pendent upon the relative fertility and soil-moisture supply. 

Limitad research has been done with sorghum in Puerto Rico. I t has 
been observed giving a good response to irrigation and fertilizers. How­
ever, there are no available data on the irrigation requirements, seeding 
rates, and fertilizer needs of this crop. 

It may be concluded that our grasslands need better management and 
improvement practices in order to maintain a large livestock industry. 
Since sorghum is one of the most important forage crops in the area, it is 
proposed to study its irrigation requirements and fertilizer needs under 
different .seeding rates in order to obtain optimum yields. 

EXPERIMENTAL PROCEDURE 

The experiment was planted May 22, 1961, and harvested every 77 days, 
the last harvest having been made on August 27, 1962. A split-plot design 

x This research was done as part of a contributing project of the Southern Regional 
Project 8-24. 

2 Associate Irrigation Scientist, Agricultural Engineer, and Professor in charge, 
and Research Assistant in Agronomy, respectively, I*ajas Substation of the Agri­
cultural Experiment Station, University of Puerto Rico, Río Piedras, P.R. 

3 Italic numbers in parent hoses refer to Literature Cited, p. 112. 
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with whole units in latin .square and s ub units in 3 x 3 bal a need I ait.ices 
was used. The treatments included a combination of four irrigation treat­
ments, three nitrogen levels, and three seeding rales with four replications. 
A sorghum variety, White Native, was planted with 3 feet- between rows 
and 3 seeding rates. The plots were six rows (18 feet.) wide and 18 feet long. 

IRRIGATION' 

The following irrigation treatments were tried: 
1. High moisture: Plots irrigated when I he average soil-moist uro suction 

in the active root-zone reached 0,7 aim. 
2. A tedium moisture: Plots irrigated when the average soil-moisture 

suction in the active root-zone reached 2 aim. 
3. Low moisture: Plots irrigated when the average soil-moisture suction 

in the active root-zone reached 5 atm. 
4. Nonirrigated: Plots were not irrigated after the crop was established. 
Furrows about 4 inches deep and 3 feet apart were; made in the whole 

experiment for the purpose of irrigation. Feeding ditches were made at the 
head of each irrigation block and used as equalizing bays by means of 
plastic dams placed at the end of each block. Plastic siphon tubes were used -
as flow controls for each furrow. A heavy irrigation was applied to the whole 
area after being planted. After each harvest, a uniform irrigation was 
applied to all the irrigated plots. 

PLANT POPULATION 

The seeding rates tried were 10, 20, and 30 pounds of seed per acre. 
White Native sorghum variety was sown on top of the beds with a 3-foot 
distance between rows, the amount of seed used depending on the seeding 
rate. Seedlings were attacked by blackbirds (Quiacahtft niger bracki/pierus). 
Reseedings were done on June ">, (J, and 7. The whole experiment was 
irrigated after being reseeded. 

FERTILIZER 

Nitrogen fertilizer in the form of ammonium sulfate (20.5-porcent N) 
was applied at the rate of 40, 80, and 120 pounds per acre per crop. After 
each harvest the whole experiment was fertilized according to (he treat­
ments involved. Phosphorus and potassium in the form of superphosphate 
(20.5-percent, PjOs), and muriate of potash (01-percent. K20), respectively, 
were applied to the whole experiment at the rate of 200 pounds each of 
Pa06 and K20 per acre per year. All the fertilizer was broadcast along 
the pin n ted row. 
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SO IF, -MOISTl'HK CONTROL 

Bulk-densiíy deternünalions were mude oí soil samples taken from ,'5 to 
0 and 18 to 21 indios depths. 

Tensiometers (¿3) were installed in one of the high-moisture plots under 
40 and 120 pounds of nitrogen treatment at 6-, 12-, 18-, and 24-inch depths, 
respectively. Those plots were irrigated when the average soil-moisture 
sueíion in the active root-zone became 700 cm. of water. Gypsum resistance 
blocks of the Bouyoucos type (1) were installed at 6-, 12-, 18-, and 21-inch 
depths in one of the medium-moisture, low moisture, and nonirrigated 
plots under t() and 120 pounds of nitrogen treatment, respectively. The 
irrigation of the medium-moisture and low-moisture plots were made when 
t lie average resist anee readings equalled 2 and 5 a tin. of suction, respectively. 

About 2 inches of water were applied in each irrigation (table I). Soil 
samples for moisture determination were taken during each growing period 
throughout the course of the experiment to calculate the moisture extracted 
from the root-zone in each moisture treatment. Duplicate soil samples were 
taken with a screw-type soil auger at the following depths: 0 to 6, 0 to 12, 
12 to 18, and 18 to 24 inches. The soil samples were taken twice a week, 
especially 1 day before and 2 days after each irrigation in the plots receiving 
80 and 120 pounds of nitrogen treatment under each irrigation level. 

All samples were weighed and placed in an oven for 24 hours at 1.05°0., 
and the percentage of moisture was determined on. an.oven-dry-weight basis. 
The water extracted from the top 2 feet under each irrigation treatment 
was calculated for a growing period of five consecutive crops. A total of four 
samples under each moisture treatment at each different depth sampled 
was used to calculate the water extracted during those short periods and 
throughout the whole growing season. The consumptive use of water was 
calculated by adding the effective rainfall4 to the water extracted during 
those periods. 

C'lTLTlJ RAI. VHACTICE8 

After each harvest, the plots were weeded and fertilized according to the 
fertilizer treatments. Additional weedings were made as necessary to main­
tain the plots free of weeds. Insecticides were applied for insect control. 
Every 77 days the plots were harvested and weighed to determine green-
forage production. Samples were taken to determine dry-matter percentage 
and protein content. 

* If the rainfall was greater than 1 inch a day, the effective rainfall was assumed 
to be 66 percent of the total rainfall for that particular day. 
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T A n j, ]•: I. • -•/ rr ¡gat ion fre queue ie s a a e d in I. h e so ryhum tixp cri tn, ent at Laja s 
Substation, ¡Ml-62 

Dales of irriga IÍ on for {¡rowing periods indicated 

HKil 

Xo. I (i\I;»,v 22 to Aug. (i) 

May 23 -25 
JUDO 5 7 

July 11 
July It 
July 21 
July 20 
Aug. I 
Aim- :i 

Tola I 

No. 2 (AHí!. 7 i« Od . 22) 

Aug. 10 
Sept. 8 
Oct, 17 

Total 

No. 3 (On. 23 i<t Jan. 7J 

\\m 
Oct. 27 
Dec. 18 
Doc. 20 
Dec. 20 
Jan. o 

Total 

No. \ (Jan. S l.o Mar. 25) 

Jan. 10 
Feb, 5 
Feb. n 
Mar. 0 
Mar. 12 
Mar. 15 
Mar. 10 

Results for indicated soil-moisture treatment1 

ilisli Medium Low 

Total 

2 

-—— - —"-—:;: 

X 

X 

X 

X 

........ 

1 

2 

X 

X 

— 
X 

3 
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; Results for indicated soil moisture. treatment1 

No. 5 (Mar. 20 to.,Tunc 10) 

Mar. 28 
May 12 
May 16 
May 24 
May 25 
June 7 

Total 

No- G (June 11 to Auy. 2(i) 

June 15 
July 10 
July 12 
July 20 
July 24 
July 30 
Aug. 8 
Aug. 9 

TotaJ 

Iliííli 

X 

X 

X 

X 

4 

X 

X 

— 
X 

— 
X 

X 

5 1 

1 Medium 
i 

i 

X 

X 

— 
— 
X 

3 

X 

X 

—. 
X 

X 

4 

Low 

X 

X 

— 

- -

2 

X 

X 

— 
— 
X 

— 

3 

1 The high-iuoisfurc, medium-moisture, and low-moisture plots were irrigated 
whenever I he average soil-moisture suction in the active root-zone reaehed 0.7, 2.0, 
and 5.0 atnt., respectively. 

KXPKKIMKNTAL KESULTS 

An evaluation was made of the soil-moisture data and the effects of irri­
gation, nitrogen fertilization, and plant population on dry-matter yields. 
The results of the first harvest were not taken into consideration because of 
blackbird damage to the seedlings and some difficulties encountered in 
drying the samples for dry matter determination. After this harvest the 
experiment was reseeded. 

SOIL MOISTURE 

An average bulk density of 1.30 gm./cc. was determined for soil samples 
taken from 3- to 6-inch deep and 1.22 gm./c.c. for the 18 to 21-inch sam­
ples. 

The rainfall distribution by days and months throughout the whole 
growing season and the 17-year monthly average at Lajas Substation are 
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TABLE 2.—Inches of daily rainfall during the growth period of the sorghum experiment 
a¿ Lajas, P.R., 1961 -W 

Date 
1961 

1 
2 
3 
4 
5 
0 
7 
S 
9 

10 
11 
12 
13 
14 
15 
Hi 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

To tai 

(17-year 
aver­
age) 

May 

0,02 

.37 

.25) 

June Jul. 

.04 

.01 

.01 

0.01 
1.20 

O.lli! .42 

M 
.09! .10 

.Oil 

.03 

Aug. Sept. Oct. N'ov. 

0.52 
1.53 

¡0,01 

Dec. 

0.27 

.27 

1962 

Jan. Feb. 

.02 

.29 
1.91 

0.12: 

.03 

.03 0.02 

.08(1.03 

.10 
.31 

.04! 

.02! 

2.47 
3.48 

.80 

.001. OH 

.0o| .27 

.07 

1.23 
.10 

.02 

.00 

.20 

.05 

.24 
.02 

.10 

,98 

0.86 

.28 

.27 

1.00 

3.40 2.53 

.29 

4.82 

1.45 
.02 
.21 
.20 
.41 
.46 
.50 

4.21 

8.03 

6.35 

.24 

.04 

2.10 
.01 

8.27 

.05 

.30 

.80 

5.30 

7.245.41 

.0211.58 
1.03I .00 

! .09 
i .02 

.Oflj .02 

.09 

.38 

.22 

.38 
,21 
.02 

.02 
,15 
.03 

0.02! 

Mar. Apr. 

|0.02 

i .01 
! .01 

May 

0.85 

June Jul. I Aug. 

10.03; 

.07 

1.15 

,18 

.02 

.09 

|o.iu| ! .02 
.02 

.04 

.03 

.02 

.08 

0.01 
0.45! 

•Oil .00 

.04 

.89 

.05 

3.03 

4.12 

,02 

.02 

.11 

.10 

2.50 

3.14 

.03 

1.47 

.05 

.14 

.17 

.02 

.10 

.09 

.70! 

.71 

.07 

.40 

.47 

.02 
.25 

3.53 

O.fr! 

.09 

.13 

0.81 

2.33 1.34 

.2.r 

.05 

1.45 
1.30 

.03 

Ü.48 

2.0413.72 

.23 

.04 

.30 
,23 

.52 

1.43 

1.12 

.23 

.1(1 

.02 
.12 

.08 

.11 

.04 

.03 

1.32 
.05 

.88 
2.10 

! .oil .01 

4.14 3,22 1.73 

3.10 2.5314.21 

.31 

(5.48 

0,35 

shown iti table 2. A close oxamiuaiiou of the 17-year monthly average shows 
that the rainfall during the mouths of April, May, and June of 1902 was 
higher than the normal rainfall for that period. It also shows that the period 
of highest rainfall (rainy season) occurs during the months of July to No­
vember. 
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The consumptive use of water during short periods of time and through­
out the course of the experiment is presented in tables 3 to 6. These tables 
show the water-used variation within each growing period. The total and 
daily average of water used by sorghum during each growing period under 
different moisture treatments is shown in table 7 and figure Í. This table, 
as well as figure 1, shows a seasonal effect on wafer used by sorghum. They 
also show lhe variation in water used among the different moisture treat­
ments. 

The highest average daily water used in the irrigated treatments ob­
served was 0.227 inches during the period of August to October; the lowest 
was 0.112 inches during the period of Januaiy to March. The yearly water-
used variation in the high-moisture plots was from a daily average of 0.254 
inch during the period of August 7 to October 22, to 0.107 inch from Oc­
tober 23 to January 7, to 0,119 inch from January 8 to March 25, to 0.187 
inch from March 26 to June 10, and 0.177 inch from June 11 to August 
26. In the medium-moisture plots the average daily water used was 0.230, 
0.137, 0.128, 0.168, and 0.1.31 inch for each respective growth period. The 
low-moisture plots exhibited a variation of 0.197, 0.128, 0.089, 0.167, and 
0.156 inch per day for the respective growth periods. The total water used 
iu iuches during the 385-day growing period was 69.571 in the high-moisture, 
02.657 in the medium-moisture, 50.8.11 in the low-moisture, and 40.767 in 
the non irriga led plots. 

KFFKCXS <>l« Í KKIC ATI O iN 

Irrigation effects OIL yields at different levels of fertilizer are presented in 
¡able 8. As can be observed in this (able irrigation did not increase yields 
significantly in the first two harvests. However, in the last three harvests 
irrigation increased forage yields iu a highly significant way. The combined 
statistical analysis of live crops harvested shows a highly significant effect 
of irrigation on forage yields. As in the individual analysis, it shows (hat 
there wore no significant differences in yields between the high-moisture, 
medium-moisture, and low-moisture plots. The average increase in yields 
attributed to irrigation was of 2,258, 2,031, and 2,374 pounds of dry matter 
per acre in harvests -1, 5, and 6, respectively, (derived from table 8). The 
average increase in total yields during 385 days due to irrigation was of 
0,403 pounds of dry matter per acre. 

K F r KCTS <) K N IT ROG K N KE RTI LI Z ATI O X 

Table 8 also presents the effects of nitrogen fertilization on forage yields. 
This table and figure 2, as well as the statistical analysis of the data, show a 
highly significant quadratic effect of nitrogen concentration upon forage 
yields. There was a highly significant increase in yields for the 80-pound-
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TAB MU 3.—Consumptive use of water by White Native sorghum in the high-moisture 
plots, by growing periods, August 7, 1901 to August 26, 1962 

Growing period1 

No. 2 (Aug. 7 to Oct. 22) 

Aug. 7 to Aug. 102 

Aug. 11 to Aug. 1H 
Aug. 11 to Aug. 20a 

Aug. 21 to Sept. 7 
Hepl.. 8 io Sept. 10* 
Sept. 11 to Wept. 21 
Sept. 25 to Oct. 12 
Oct. 13 to Oct. 17a 

Oct. 18 to Oct. 22 

Tota! 

No. 3 (Oct. 23 to Jan. 7) 

Oel. 23 to Oct. 29* 
Oct. 30 to Nov. 12 
Nov. 13 to Nov. 20 
Nov. 27 to Dec. 17 
Dec. 18 I o Doe. H)a 

Dee. 20 (o Dee. 28 
Dec. 29 to Jan. 2:! 

Jan. 3 to Jan. 7 

Total 
j 

No. 4 (Jan. 8 to Mar. 25) 

Jan. 8 to Jan. 14* 
Jan. 15 to Fob. 4 
Fob. 5 to Feb. 62 

Fell. 7 to Feb. 22 
Feb. 23 to Mar. 2 
Mar. 3 to Mar. 8 
Mar. 0 (o Mar. 10» | 
Mar. H to Mar. 18 j 
Mar. 19 to Mar. 202 ¡ 
Mar. 21 to Mar. 25 

Total 1 

j Consumptive-use 
interval 

Days 

I 4 

! a 
7 

| 18 
3 

14 
IS 
S 
5 

77 

7 
14 
1-1 
21 
2 
0 
5 
5 

i 
" ~ i 

77 

7 
j 21 

2 
16 
8 
0 
2 
8 
2 
5 

77 
! 

1 
¡Total consumptive 

use 

/•«, 

1.008 
.711 

1.701 
4.159 

.825 
4.404 
4,760 
1.000 

.870 

19.531 

1.155 
2.197 
2.074 
3.020 

.396 
2.019 
1.040 

.983 

12.884 

0.245 
1.743 

.244 
2.496 | 

.704 \ 

.296 

.204 
1.417 

.400 
1.330 

9.139 

! Average daily 
| consumptive use 

/«. 

0.252 
.248 
.243 

1 .231 
.275 
.319 
.264 
.200 
. 174 

0.105 
. 157 
.148 
.141 
.198 
.224 
.208 
.197 

0.035 
.083 
J 22 
.166 
.088 
.049 
.102 
.177 
.230 
.26(5 
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Growing period1 

No. 5 (Mar. 20 to Juno 10) 

Mar. 20 i o Mar. 29s 

Mii.r. 30 1» Apr. :i(¡ 
Apr. 17 to May 10 
May 11 to May 132 

May 14 to May 23 
May 2-1» 
May 25 to June 0 
June V 
June 8 to June 10 

Total 

No. Ü (June 11 to Aug. 20) 

June 11 to June 1-i* 
June 15 In June 28 
June 29 (o July 8 
July 0 to July 11* 
July 12 to July 10 
July 20 fo July 222 

July 23 fo July 29 
July 30 (» July 31» 
Aug. 1 i o Aug. 7 
Aug. 8 to Aug. 0* 
Aug. 10 t<» Aug. 10 
Aug. 17 to Aug. 20 

Total 

Con sump live-use i To I ill consumptive; Average daily 
interval use \ consumptive use 

Days 

4 
18 
2-1 
13 
10 
1 

13 
1 
3 

77 

4 
14 
10 
3 
8 
3 
7 
2 
7 
2 
7 

10 

77 ; 

in. 

0.520 
2.350 
S.081 

.540 
1.571 

.177 
2.031 

.228 

.707 

14.I l l 

0.232 
1.M5 
1,029 

.477 

.873 

.495 
1.528 

.324 

.787 

.300 
.1.701 
3.752 | 

13.006 

In. 

0.130 
.130 
.237 
. 182 
.157 
.177 
.202 
.228 
. 230 

0.058 
.103 
.163 
.159 
.109 
,105 
.218 
.102 
.112 
.180 
.243 
.375 

1 During the first- growing period all plots were irrigated as frequently as necessary 
Lo establish the crop. The data are not included in this table. 

2 Consumptive-use data calculated by interpolation. 

nitrogen treatment over the 40-pound treatment: in all harvests; how­
ever, the 120-pouud-nil rogen treatment out yielded the 80-pound in the last 
three crops only. The combined analysis of five harvests shows a significant 
quadratic effect on yields, the 80-pound outyielding the 40-pound and the 
120-pound outyielding the 80-pound treatment. The total increase in yields 
due to an increase in nitrogen fertilizer from 40 to 80 pounds per acre per 
crop was 8,500 pounds of dry matter per acre in 385 days, while 40 more 
pounds over the 80-pound treatment increased the yields only by 2,561 
pounds (derived from table 8). 
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ÍJrowing period* 

No. 2 (Aug. 7 to 0(51. 22) 

Aug, 7 to Aug. 102 

Aug. 11 to Aug. 13 
Aug. 14 to Aug. 202 

Aug. 21 to Sept. 7 
Sept.. 8 to Sept. 102 

Sept. 11 to Sept. 24 
Sept. 25 to Oct. 12 
Oct. 13 to Oct. 17* 
Oct. 18 to Oct. 22 

Total 

No. 3 (Oct. 23 to Jan . 7) 

Oct. 23 to Oct. 292 

Oct. 30 to Nov. 12 
Nov. 13 to Nov. 20 
Nov. 27 to Dec. 19 
Dec. 20 to Dec. 21* 
Dec. 22 to Jan. 7 

Total 

No. 4 (Jim. 8 to Mar . 25) 

Jan. 8 to Jan. 14s 

Jan . 15 to Feb, 4 
Feb. 5 to Feb. 0 
Feb. 7 to Feb. 22 
Feb. 23 to Mar. 22 

Mar. 3 to Mar. 11 
Mar. 12 to Mar. M2 

Mar. 15 to Mar. 25 

Total 

No. 5 (Mar. 20 to June 10) 

Mar. 20 to Mar. 292 

Mar. 30 to Apr. 10 
Apr. 17 to May 10 
May 11 to May 17* 
May 18 to May 24 
May 25 to May 31» 
June 1 to June 10 

Total 

Consumptive-use 
¿interval 

Days 

4 
3 
7 

18 
3 

14 
18 
5 
5 

77 

7 
14 
1.4 
23 
2 

17 

77 

7 
21 
2 

10 
8 
9 
3 

11 

77 

4 
IS 
24 
7 
7 
7 

10 

77 

lot ill consumptive 
t»RC 

ín. 

0.608 
.533 

1.351 
4.138 

.828 
4.301 
3.005 

.005 

.880 

17.089 

1.048 
2.205 
2.410 
2.853 

.220 
1.790 

10.533 

0.315 
1.720 

.222 
2.579 
1.280 
1.G00 

.492 
1.021 

9.835 

0.180 
2.280 
5.520 
1.316 
1.186 
1.085 
1.379 

12.958 

Average daily 
cousumptive use 

In, 

0.107 
. 178 
.193 
.230 
.270 
.314 
.217 
.199 
.170 

0.149 
.158 
.172 
.124 
.113 
. 105 

0.045 
.082 
.111 
.101 
.100 
.178 
. ifi'l 
.147 

0.047 
.127 
.230 
.188 
.169 
.155 
.138 

101 
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Growing period* 

No. 6 (June 11 to Aug. 20) 

June 11 to June It2 

June 15 to Jane 28 
June 29 to July 8 
July 9 to July 11 
July 12 to July 23 
July 24 to July 25* 
July 20 to AUR-. 8 
Aug. 9 to Aug, 102 

Aug. 11 to Aug. 20 

Total 

Co ii sump live-use 
interval 

Days 

4 
14 
10 
3 

12 
2 

14 
2 

10 

77 

Total consumptive 
use 

In. 

0.332 
J. KM 
2.107 

. 17-1 
1.184 
.328 

2.5 ¡4 
.110 

4.099 

12.642 

Average daily 
consumptive use 

In. 

O.Ü83 
.083 
.211 
.158 
.099 
. 101 
.182 
.205 
.250 

1 During the first growing period all plots were irrigated as frequently as necessary 
to establish the crop. The data are not included in this table. 

2 Consumptive-use data calculated by interpolation. 

There was a significant interaction between irrigation and nitrogen fer­
tilizer in the last two crops harvested. The combined analysis of five crops 
harvested shows a highly significant interaction between irrigation and ni­
trogen fertilizer applications (see fig. 2). 

Nitrogen and irrigation effects on the protein content of the sorghum 
forage are shown on table 9. As can be observed nitrogen fertilisation in­
creased the protein content of the forage while irrigation decreased it. The 
largest, differences were observed between the 40- and 80-pound-nitrogen 
treatments and between irrigated and nonirrigated treatments. The aver­
age protein content of the forage was 4.97, G.18, and 7.18 percent for the 
40-, 80-, and 120-pound-uitrogen. treatments, respectively. In Iho high-
moisturc, medium-moisture, low-moisture, and uomrrigafed plots the 
average protein content was 5.72, 5.7(1, 0.03, and 0.92 percent, respectively, 

EFFECTS OF PLAN'!' POPULATION 

The effects of different seeding rates per acre on yields are shown in 
table 10. There was no significant differences in yields between the plots 
planted with 10, 20, and 30 pounds of seeds per acre under different nitro­
gen levels. At the 120-pound-nitrogen level an increase in seeding rate 
shows a slight increase in yields, but the differences were not significant. 
The interaction between nitrogen concentration and amount of seed per 
acre is nonsignificant also. 
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T A U I . K 5 . ( UHI.SU i)> ¡IííVí: une of wafer btj White Xa (i ve, sorylmm in the htm-moisturn plots, 

h i/ g ro wing periods, August 7, WO I to A tiffuftt ¡36, 1962 

Growing period1 

No. 2 (Aug. 7 to Oct. 22) 

Aug. 7 to Aug. 102 

Aug. 11 (o Aug. 13 
Aug. 11 fo Aug. 20'2 

Aug. 21 to Sept. 7 
Sept- 8 lo Hep 1. 21 
Srpi. 2/3 tn Ocl.. 12 
Oct. 13 to Oct. 17-
Oct. 18 lo Oct. 22 

Total 

No. 3 (OPI. 23 to Jan. 7) 

Or I.. 23 to Oct. 20* 
Or I. 30 to Nov. 12 
Nov. J3 I o Nov. 20 
Nov. 27 in Doc. 17 
Dec 18 i o .Jan. I 
Jan. 5 fo Jan. 72 

Total 

No. 4 (Jan. 8 to Mar. 25) 

Jan. 8 to Jan. IIa 

Jan, 15 to Feb. 4 
Feb. 5 to Fcl). 22 
Feb. 23 to Mar. 22 

Mar. 3 to Mar. 14 
Mar. 15a 

Mar. 10 to Mar. 25 

Total 

No. 5 (Mar. 20 to Juno 10) 

Mar. 20 to Mar. 20a 

Mar. 30 to Apr. 22 
Apr. 23 to May 15 
May 16 to May 17» 
May 18 to June 10 

Total 

Consumptive-use ¡Total consumptive' Average daily 
interval I use consumptive use 

Days 

I 

18 
17 
IS 

In. 

0.030 
.530 

1.302 
1.521 
2.1-17 
1.131 

In. 

0.159 
.177 
.180 
.251 
.111 
.230 

i 5 

1 5 

77 

7 

1-1 

If 
21 

18 

3 

77 

7 

21 

18 
8 

12 

1 
10 

77 

4 
24 

23 
2 

24 

77 

. 800 

.732 

15,102 

1.002 

1.002 

1.775 
3.773 

1.070 

.180 

9.888 

0.175 

.935 
1.239 

1.048 

2.102 

. 145 

1.140 

0.853 

0.174 

2.9(55 

5.498 

.400 

3.835 

12.872 

.172 

.110 

0.150 
.112 

.127 

.180 

.000 

.000 

0.025 

.044 

.009 

.131 

.180 

.145 

.115 

0.044 

.124 

.239 

.200 

.160 

http://Uhi.su
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(«rowing period' Consumptive-use Tibial consumptive! Average daily 
interval \ use consumptive use 

)ays 

1 
14 
13 
2 
Hi 
2 
10 
10 

77 

In. 

0.548 
1.010 
1.070 
.212 

2.700 
.208 

2.080 
8,'170 

12.030 

hi. 

0.137 
.115 
.082 
.121 
.109 
.119 
.130 
.318 

No. 0 (.June II to Aug. 20) 

June 11 lo June 14* 
Jmu.! 15 t o June 28 
June 29 to July 11 
July 12 to July 13* 
July 14 to July 29 
July 30 to July 312 

Aug. 1 to Aug. 10 
Aug. 17 to Aug. 2(5 

To in I 

1 .During the iirsf growing period ¡ill plots worn irrigated as frequently as uocossay 
to establish the crop. The data are not. included in this table. 

x Consumptive-uso data calculated by interpola lion, 

D1SCUSSÍON 

As in other forage species (f), ft seasonal effect on the consumptive use 
of water by White Xative sorghum was observed in this experiment, (see 
tig. t). As shown in figure 1 there was a higher water use for flic period 
of August 1901 than for August 1962. This can be explained by (he influence 
of heavier rainfall observed during the period of 1961 (see table 2), or prob­
ably by a decrease in growth attributable to cutting effects. 

irrigation did not iucrea.se forage yields during the period of August 7 to 
January 7. A look at table 2 shows that this period corresponds to the rainy 
season in Lajas Valley. From January 8 to August 26, irrigation increased 
yields significantly; however, there were no significant differences in yields 
between the irrigation treatments. The irrigations to the plots with 2 and 5 
aim. of suction were made using Cei-WWD Boyoucos gypsum resistance 
blocks as (he index. The calibration of these blocks shows a resistance of 
910 and 1950 ohms, equivalent to 2.0 and 5.0 aim., respectively. Evidently 
these resist atice readiugs are too low for the respective soil-moisture treat­
ments with this type of unit, in other words, the; irrigation treatments were 
not applied as intended. Although the high-moisture plots received 20 irri­
gations, the medium-moisture 16, and the low-moisture 12; the difference 
in moisture was insufficient to affect the sorghum yields significantly. 

Since the forage yields were not affected between the irrigation treat­
ments, and during the period of August 7 to January 7 irrigation did not 
increase yields significantly, (be representative consumptive use of water 

http://iucrea.se
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TABLE 6.—Consumptive use of water by While Nad tie sorghum in (he non irriga ted plots, 
by growing periods, August 7, 1901 to August 26, 1902 

Growing period' 

No. 2 (Aug. 7 to Oct. 22J 

Aug. 7 to Sept. 7 
Sept. 8 to Sept. 24 
Sept. 25 to Oct. 12 
Oct. 13 fo Oct. 22 

Total 

No. 3 (Ocl. 23 to Jnn. 7) 

Oct. 23 to Nov. 12 
Nov. 13 to Nov. 2(5 
Nov. 27 to Dec. 17 
Doc. 18 to Jan . 7 

Total 

No. 4 fJan. 8 to Mar. 25) 

Jan. 8 lo Feb. 4 
Feb. fi to Feb. 22 
Pel). 23 to Mar. 14 
Mar. 15 to Mat . 25 

Total 

No. 5 (Mar. 26 to June 10) 

Mar. 20 to Apr. 10 
Apr. 17 to May 13 
May 11 to June 10 

Total 

No. (5 (June 11. to Aug. 20} 

June 11 lo July 8 
July 9 to Jul y 29 
July 30 to Aug. 20 

Total 

Consumptive-use 
interval 

Days 

32 
17 
18 
10 

tt 

Total consumptive 
use 

In, 

5.324 
2.081 
4.001 
1.511 

13.040 

77 

21 
14 
21 
21 

77 

28 

1 18 
| 20 
; 11 

77 

22 
27 
28 

77 i 

28 
21 
28 
- -

1.328 
2.391 
2.898 
1.779 

8.390 

0.900 
.782 
.099 

1.204 

3.915 

0.929 
•1.203 
1.375 

0.507 

3.870 
1.284 
3.005 

8.219 

Average daily 
consumptive use 

in. 

0.100 
.158 
.227 
.151 

0.003 
.171 
.138 
.085 

0.032 
.043 
.050 
.115 

0.042 
. 158 
.019 

0.138 
.001 
.109 

1 During the first growing period all plots were irrigated an frequently as necessary 
to establish the crop. The data are not included in (his tsible. 
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by White Native sorghum can be assumed to be that of the noiiirrigated 
plots from August 7 to January 7, and from January 8 to August 26 that 
of the low-moisture plots (see table 7). The total consumptive use in 385 
days would be 53.797 inches, or an average of 0.110 inch per day, which is 
lower than the one determined by the author (4) for Guinea grass and Para 
grass in the same area. This probably can be explained by the limited 2-
foot depth of sampling to calcúlalo the moist uní extracted from I he root-
zone, by the low-moisture treatment which was the representative one in 

TAHI.K 7.--('omtitmpUvc- une of water by Wh/'tr XaUt>e miryhut/i hij 77-dai/ ffmittntj 
•periods, August 7t I QUI In A it gnat 20, 19Ú2 

Growing period1 

Consumptive use (in inches) under indicated 
irrigation treatmenL—• 

High moisture 

Total » £ » 

Medium 
moisture 

Total Daily 
ave. 

Low moisture 

Total 

No. 2 (Aug. 7 to Oct. 22) 1<).531 JO.254¡17.6890.23UJ 15.102 
No. 3 (Oct. 23 to Jan. 7) [12.884! .107110.533! .137; 9.888 
No. -k (Jan. 8 to Mar. 25) | 0.130J .1H)| 9.835; . 128¡ (i.853 
No. 5 (Mar. 20 to Juno 10) 
No. 0 (June 11 In Aug. 20) 

Total 

Average per day 

14.-Ill j 
13.(500! 

09.571! 

0.181! 

.187¡ 12.958; .108 

.177¡11.(J42Í .151 
I ; 
i . f _ ... _ 

i 
«2.0571 

0.1 (Wj 

12.872 
12.030 

50.811 

Ü.M8 

Daily 
ave. 

Nonirri gated 

Total Daily 
ave. 

Average 
daily 
con­

sump­
tive 

use in 
inches2 

0.197 13.010 0.177 0.227 
.128! 8.390! .109 .11! 
.089 3.945! .05l! .112 
.107 
.150 

0.507: .085] 
8.219; .1071 

J 

10.707; 

0.100' 

.171 

.101 

1 During the first growing period all plots were irriga fed ¡is Í rot piei illy as necessary 
to establish the crop. The dala were no I included in (his table. 

2 The uonimgated plots were not included in I his average. 

respect to water used in the dry season, or by (he plant itself which shows ¡1 
fast recovery after being irrigated. 

Table 8 shows that the lowest average yield per harvest was during har­
vest No. 6, which is elo.se to the average obtained during Xo. 4. Since, ac­
cording to data, with other forage grasses reported by the author (.$), the 
lowest yields «my be expected during (he whiter mouths, it seems likely 
thai (he reduction in yields during harvest Xo. (*>,' may have been caused 
by culling effects of (he original sorghum plaids. 

,\itrogen increased yields significantly; however, it had a significant 
quadratic effeel on yields (see table S and fig. 2). In other words, the 
first 40 pounds of nitrogen over the initial fertilizer treatment had a linear 
relation of yield increase with respect to nitrogen-fertilizer additions; how-

http://elo.se
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ever, with the next 40 pounds of extra nitrogen the curve tended to level 
off. A look at table 8 shows that forage yields were increased by the 120-
pound nitrogen treatment in harvests 4, 5, and fi. This evidently shows that 
a. better use of the fertilizer is made during spring and summer. 

Seeding rates over 10 pounds per acre did not increase forage yields 
significantly. But, as shown in table 10, (here was a tendency to increase; 

•24 

.20 

.16 

3 .12 

. On 

.04 

.0 

High mo is kiiü 

Low rjioiilyrc1 

M e ¡i ium. m o is ty rii 

No.i irrigo tad 

Au(_r. 7 
to Oct. 22 

Oct. 23 
to Jj:i.,7 

Jan. o 
lo M¿ifcí! 25 

More1' ?í> 
to Ju ¡n 10 

Jj-ie 11 
tu Auo. 2ó 

TIME PERIODS (7/ DAYS) 

Via. 1.- -Soasonal effects on the- consumptive une of water by White Native sor­
ghum at Lajas Substation, 1901-02. 

forage production with an increase iu seeding rates at the 120-pound-nitro­
gen level. This suggests that the limiting factor on the respouse to higher 
seeding rates is the nitrogen fertility level 

In general, we can conclude that irrigation and nitrogen fertilizer applica­
tions, without high seeding rates, are necessary to obtain maximum yields 
of sorghum forage in Lajas Valley. Further research is necessary on the soil-
moisture aspect, especially within the range of 5 to 15 atm., although it 
would be helpful to check the calibration of the gypsum resistance blocks 
and start with 2 atm. again. 



T AHr.ií 8. ./í 0 ec Is of i r ri galio n and. nitrogen fc rlil iza f. io n o n I he y i e Ids (po u nds of dr y 
mal lev per acre) of While A7 aline sorghum at different periods of time from 

August 7, 1961 to August 26, 1002 

vest ;uul irrih'iitioQ treatment 

Htirvest No. 2 l 

(Oct. 23) 

High moisture 
Medium mot suite 
Low moisture 
No irrigation 

Mean 

I-far vest No. 3 
(Jan. 8) 

High moisture 
Medíum mois(uro 
Low moisture 
No irrigation 

Mean 

Harvest No. 4 
(Mar. 20 27) 

High moisture 
Medium moisture 
Low moisture 
No irrigation 

JVbuni 

Harvest No. 5 
(June 11-12) 

High moisture 
Medium moisture 
Low moisture 
No irrigation 

Mean 

Harvest No. 6 
(Aug. 27) 

High moisture 
Medium moisture 
Low moisture 
No irrigation j 

Mean 
i 

Effect oí índíc! 

10 

0,295 
6,316 
6,610 
7,420 

6,660 

5, Oil 
5,381 
5,548 
5,451 

5,-198 

4,062 
3,706 
3,179 
2,120 

3,267 

4,885 
5,015 
5,248 
4,072 

4,805 

3,808 
3,872 
3,521 
2,206 

3,367 

led pounds oí nitrogen applied per 
acre per crop 

«0 

8,791 
8,416 
7,893 
8,778 

8,492 

6,126 
6,183 
6,017 
5,890 

6,054 

6,008 
5,838 
5,590 
3,113 

5,137 

7,671 
7,792 
8,001 
5,390 

7,214 ] 

6,038 
5,841 
5,735 
3,188 

5,200 

131) 

8,019 
8,346 
8,403 
8,609 

8,344 

5,542 
5,977 
5,630 
5,717 

5,718 

0,945 
7,091 
6,997 
4,465 

6,374 

8,033 
8,709 
9,151 
6,108 

8,180 

6,864 
7,024 
6,464 
3,814 

6,042 

Mean 

7,702 
7,693 
7,665 
8,269 

7,832 

5,760 
5,847 
5,734 
5,686 

5,757 

5,672 
5,545 
5,255 
3,233 

4,926 

7,063 
7,192 
7,467 
5,210 

6,733 

5,570 
5,579 
5,240 
3,089 

4,870 

1 Results of the first harvest were not taken into consideration because of black­
bird damage to the seedlings and difficulties encountered in drying the samples taken 
for dry-matter determination. 
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SUM MA l( Y 

A field experiment was conducted at Lajas Substation in order to study 
the effects of four irrigation and three nitrogen levels under three different 
seeding rates on dry-matter yields of White Native sorghum. The following 
irrigation treatments were tried: 

High moisture, plots irrigated when the average soil-moisture suction in 
the active root-zone reached 0.7 aim.; medium moisture, irrigated when 

•o 120 LI*. N 

80 Lbs. N 

0 40 Lbs. N 

Fin, 2.- -Ktlects nf irrigation and nitrogen fertilizer applied on dry-mat tor yields 
of* White Native sorghum af. L:\\IIH Huhslution, 19(51—02. 

the average soil-moisture suction reached 2.0 atm.; low moisture, irrigated 
when the average soil-moisture suction reached 5.0 atm., and nonirrigated 
plots were used as check. The nitrogen levels tested were 40, 80, and 120 
pounds per acre per harvest. The seeding rates used were 10, 20, and 30 
pounds per acre. 

In general the results show that; 
1. Irrigation increased forage yields significantly during the period of 

January to August. No response to irrigation was observed from September 
to December. The average increase in yields during 385 days attributable to 
irrigation was 6,403 pounds of dry matter per acre. 
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2. Thcro was no significant difference in production, between high-.mois­
ture, medium-moisture, and low-moisture plots. However, the calibration 
of the gypsum resistance blocks used as an index of irrigation show low 

TABLE 9.—Average, protein content (percent) of While Native sorghum forage at different 
irrigation and nitrogen levels1 

Irrigation treat men I 

High moist-urn 
Medium mot si uro 
Low moisture 
No irrigation 

Mean 

Effects of indie 
per acre per 

40 N 

•l.ii.5 
4.74 
4.85 
5. til 

4.07 

a ted pounds of nitrogen applied 
crop on the protein content of 
sorghum forage 

80 N j 120 N 

5.01 0.1)1 
5.00 , Ü.5Í) 
6.13 
7.03 

6.18 

7.11 
8.10 

7.18 

Mean 

5.72 
5.70 
Ü.03 
6.02 

6.11 

1 Average protein content of samples taken in 5 consecutive crops. 

TABLE 10.—Effect of irrigation ¡ nitrogen fertilization, and plant population on the total 
yields (pounds of dry matter per acre) of White Native sorghum, forage 

in 5 consecutive crops 

Irrigation treatment 

High moisture 
Medium mois­

ture 
Low moisture 
No irrigation 

Mean 

Kffcct of quantity of seed planted per acre under indicated nitrogen levels, 
pounds per acre per crop 

40 N 

10 lb. 
seed 

21,932 
23,489 

25,405 
21,200 

23,7% 

20 lb. 
seed 

24,487 
24,370 

23,740 
21,850 

23,503 

30 lb. 
seed 

24,503 
25,201 

23,083 
20,872 

23,430 

80 N" 

10 lb. 
seed 

34,712 
34,100 

33,472 
20,777 

32,310 

201b. 
seed 

34,000 
33,584 

35,447 
20,221 

32,401 

30 lb. 
seed 

33,372 
34,228 

30,304 
25,773 

30,910 

120 N 

to lb. 
seed 

35,187 
30,941 

35,447 
20,035 

33,552 

20 lb. 
seed 

35,943 
30,124 

37,304 
28,904 

34,509 

30 lb. 
seed 

30,899 
38,551 

37,192 
28,37-1 

35,255 

Mean 

31,033 
31,855 

31,270 
25,180 

29,988 

resistance readings as equivalent to 2 and 5 aim. Therefore, the irrigation 
treatments were not accomplished as intended. 

3. The representative consumptive use of water in inches by White 
Native sorghum was as follows: 13.640 from August 7 to October 22; 8.396 
from October 23 to January 7; 6.853 from January 8 to March 25; 12.872 
from March 26 to June 10; and 12.036 from June 11 to August 26, with a 
total of 53.797 inches in 385 days. 

4. There was a seasonal effect on the consumptive use of water, the high-
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est average water used, 0.227 inch per day, being observed from August 7 
to October 22, and the lowest, 0.1 Í2 inch per day, from January 8 to March 
25. 

5. Nitrogen fertilization had a highly significant quadratic effect on 
forage yields. The 80-pound-nitrogen treatment outyieldcd the 40-pound 
treatment in a highly significant way in ail harvests made; however, the 
curve of forage yields versus nitrogen application tended to level off with 
120-pound-nitrogen treatment. The 120-pound-nitrogen treatment out-
yielded the 80-pound treatment in the last three harvests only. 

6. There was a significant interaction between irrigation and nitrogen 
fertilizer in the last two crops. The (tomb i tied analysis of five crops harvested 
shows a highly significant interaction between irrigation and nitrogen fer­
tilizer. 

7. Seeding rates over 10 pounds per acre did not increase forage yields 
significantly. 

8. Nitrogen fertilizer applications increased the protein content of the 
forage while irrigation decreased it. 

KKSfJMKX 

En la Subestación de Lajas se llevó a cabo un experimento de campo para 
estudiar el efecto de cuatro distintos niéveles de riego, tres de nitrógeno y 
tres distintas cantidades de semilla, por acre, sobre la producción de ma­
teria seca del millo Blanco del País. Los tratamientos con riego fueron como 
sigue: Se mantuvo un alto contenido de humedad en ciertas parcelas, apli­
cándose les riego cuando el promedio de succión (tensión) en el área alrede­
dor de las raíces alcanzaba 0.7 de atmósfera; un contenido mediano de 
humedad cuando el promedio de succión fue de 2.0 atmósferas y un bajo 
contenido de humedad cuando el promedio de succión fue de o.O atmós­
feras. Las parcelas sin riego sirvieron de testigo. Los niveles de nitrógeno 
fueron 40, 80 y 120 libras por acre, por corte. Se usaron 10, 20 y 30 libres 
de semilla por acre. 

En términos generales, los datos obtenidos demostraron lo siguiente; 
1. La aplicación de riego aumentó la producción de forraje durante ios 

meses de enero a agosto, pero el aumento no fue significativo durante el 
período de septiembre a diciembre. 

2. No hubo diferencia, significativa entre la producción de las parcelas 
que recibieron riego. Sin embargo, la aplicación de riego no se hizo según in­
dicaban los tratamientos, ya que los bloques de resistencia que se usaron 
como índice de riego no se calibraron debidamente. 

3. El millo Blanco País requirió las siguientes cantidades de agua: 13.640 
pulgadas de agosto 7 a octubre 22; 8.396 de octubre 23 a enero 7; 6.853 
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de enero 8 a marzo 2ó; 12.872 de marzo 20 a junio 10 y 12.030 de junio 11 
a agosto 20, o sea, un (oíai de 53.797 pulgadas durante 385 días. 

i. La esíación del año tuvo que ver con el consumo de agua. El mayor 
consumo, o .sea, un promedio de 0.227 de pulgada por día, tuvo lugar de 
agosto 7 a octubre 22, y el más bajo, o sea, 0.112 de pulgada, de enero 8 a 
marzo 25. 

o. La aplicación de nitrógeno tuvo un efecto cuadrático all amenté 
significativo sobre la producción de forraje. Es decir, la aplicación de 80 
libras de nitrógeno por acre, por cosecha, aumentó la producción al com­
pararse con el tratamiento de 10 libras, en una forma all ámenle significa­
tiva en todas las cosechas. 8in embargo, al aplicarse 320 libras el aumento 
(in producción fue reduciéndose en comparación con el tratamiento de 80 
libras. El alimento en producción fue significativo solamente en his últimas 
I res cosechas. 

(». Hubo una interacción significativa cut re las aplicaciones de nitrógeno y 
riego durante las últimas dos cosechas, mientras que el análisis combinado 
do las cinco cosechas reveló que la interacción fue altamente significativa. 

7. Cuando se sembraron más de 10 libras de semilla por acre, el aumento 
en la. producción no fue significativo. 

8. La aplicación de nitrógeno aumentó el contenido de prolema cu el 
forraje, mientras que el riego lo disminuyó. 
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