Response of Native White Sorghum to Irrigation
under Different Nitrogen-Fertility Levels
and Seeding Rates in Lajas Valley,
Puerto Rieo!

R. Vdzquez, .\, Uschenwald-Hess, and AL, J. Martinez-Luciano®
INTRODUCTION

Sinee sorghum (Serghwne vulgare Pers)) is quite resisianl to drought, it
has been grown mostly in arcas of limited vainfall. However, sorghum
responds well to irrigation and, at present, with the irrigation system estab-
lished in the I.ajas 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 arca.

Although sorghum can be used for grain and forage, it has been used
moxtly as forage specially for silage. According to Hughes et al. (2)* sorghum
silage has largely replaced corn silage in Kansas, Nebraska, Texas, and
Oklahoma. A= Lhey reported, the feeding value of silage made from corn
and from sorghum ix generally considered to be the same.

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

Limited research lins been done with sorghum in Puerto Rico. 1t has
heen observed giving a good response to irrigation and fertilizers, How-
ever, there are no available data on the irvigation requirements, seeding
rates, and fertilizer needs of this crop.

It may be concluded that our grasslands need better management and
mprovement practices in order (o maintain a large livestock industry.
Since sorghum is one of the most important forage crops in the area, it is
proposed fo study its irigation 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

! This research was done as part of a contributing project of the Southern Regional
Projeet 5-24,

* Associnte Irvigation Beientist, Agricultursl Engineer, and Professor in chargs,
and Research Assislant in Agronomy, respectively, Lajas Substation of the Agri-
eubinural Experiment Station, University of Puerto Rico, Rio Piedins, P.IR.

3 Italie numbers in parentheses refer to Literature Cited, p. 112,
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with whole units i latin square and subunits in 3 x 3 balaneed Iatlices
was used. The treatments ieluded a combination of four irrigation trest-
ments, three nitrogen levels, and three sceding rates with four replications,
A sorghum variety, White Native, was planted with 3 feel between rows
and 3 sceding rates. The plots were six rows (18 feel) wide and 18 fect long,.

IRRIGATION

The following rrigation (reatments were (ned:

1. High moisture: Plots wwrigated when (he average soil-moisiure suction
in the active root-zone reached 0.7 atm.

2. Medium moisture: Plots irvigated when the average =otl-moisture
suction in the active root-zone reached 2 afm.

3. Low moisture: Plots irrigated when the average soil-moistare suction
in the active rooi-zone reached 5 atm,

4. Nonirrigated: lots were not wrrigated after the crop was established,

TFurrows about 4 inches deep and 3 feel apart were made in the whole
experiment for the purpose of irrigation. Ifeeding ditches were made ai the
head of each irrigation block and used as equalizing bays by means of
plastic dams placed at (he end of each block, Plastic siphon tubes were used -
as flow eontrols for each furrow. A heavy irrigation was applied (o the whole
arca after being planted. After cach barvest a wsiform irvigation was
applied to all the irrigated plots.

PLANT POLULATION

The seeding rates tried were 10, 20, and 30 pounds of seed per acre,
White Native sorghum varicty was sown on top of the beds with a 3-foot
distance between rows, the amount of seed used depending on the sceding
vate. Seedlings were attacked by blackbirds (Quiscalus niger brachypterus).
Rescedings were done on June 5, 6, awd 7. The whole experimen( was
irrigated sfter being resceded,

FERTILIZER

Nitrogen fertilizer in the form of ammonium sulfate (20.3-percent 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 the (reat-
nments involved. Phosphorus and potassium in the form of superphosphate
(20.5-percent. P;Os5), and muriate of potash (61-percent 1.0}, respectively,
were applied to the whole experiment at the rate of 200 pounds each of
2,05 and K0 per acre per year. All the fertilizer was broadeast along
the planted row,
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SOTE MOUTURLE CONTROL,

Bullk-denstty determinations were made of =01l samples taken from 3 o
G and L8 to 2] inches depths.

Tensiomelers (3) were installed in one of the high-moisture plots under
40 and 120 pounds of nitrogen (reatment at 6-, 12-) 18-, and 24-inch depths,
respectively. Those plots were brigated when the average soilanoisture
suction in {the aetive root-zone beeame 700 em. of water, Gypsum resistance
blocks of the Bouyoucos type (1) were installed at 6-, 12-) 18-, and 24-ineh
depths in one of the medinm-moisture, low-moisture, nud nonvrigaied
plots under 1) and 120 pounds of uitrogen {(reatment, vespectively, The
irvigation of the medium-moisture and low-moisture plots were made when
the average resistance readivgs equalled 2 and 5 atn of suction, respectively.

About 2 inches of water were applied i each irvigation (table 1), Soil
samples for moisture deteruination were taken during each growing period
throughout the course ol the experiment to caleulate the moisture extracted
from the root-zone in ench moisture treatment, Duplicate soil sumples were
taken with a serew-type soil auger al the following depths: 0 to 6, 6 to 12,
12 to 18, and 18 to 24 mches. The soil samples were taken {wice o week,
espectatly | day before and 2 days after each nvigation in the plots receiving
80 and 120 pounds of uitrogen trestment under each ivrigation level.

Al samples were weighed and placed in an oven for 24 hours at 105°C:.,
and the percentage of moistive was determined on anoven-dry-weight basis.
T'he waler extracted from the top 2 feet under cach rvigntion (rentment
was ealenlated for o growing period of five consecutive erops. A tolad of four
samples under cach moisture (eeatment at each different depth sampled
was used o ealoulnde the water extracted during those short periods and
throughout the whole growing scason. The cousumptive use of water was
ealculated by adding the effective rainfallt to the water extreted during
those periods.

CULTURAL PRACTICLES

After each harvest the plots were weeded and fertilized aceording to (he
fertilizer trentments, Additional weedings were made as neeessary to main-
fain the plots free of weeds. Tnsccticides were applied for inseet control.
Every 77 days the plots were havvested and weighed to determine green-
forage production. Samples were taken to determine dry-matier perceniuge
and protein content.

1 If the rainfall was greater than 1 inch o day, the effective rainfall was assumed
{0 be 68 pergent of the total rainfall for that particular day.
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Tanie Ve—drrigation Jrequencivs ased n the sorghuwm copeciment ol Lojas
Substation, 1H61-62

Results (or indicated soil-moisture treatment!

Dates of reigation for grawing periods indicated .

LEigh A Medium | Low

1961 |

Noo 1 Alay 22 (o Aug, 6) |
Muay 23 25 : X ! N : X
June 5 7 : N A X

July 11 ) :
Juty 14 _ f X * e

July 24 : X , e
July 24 : - ! X ,
Aung. | : 5 - ‘ X
Ang. 3 X : :

Total 3 4 ; 3

Nou. 2 (Aug. 7 to Oct. 22 |

£ : i
Aug. 10 i X ! X X
Sept. 8 ; 5 : X ‘ —
Oet. 17 A X ‘ X
Total 3 3 2

No. 3 (Ol 24 10 Jan. 7 % |

14962 | |
Chet . 27 F X | X ‘L N

Deec. 18 J X - j

Dee. 20 ; = : x '

Dec, 20 : X 5 |
Jan, & i j — § X
Tofal ‘ 3 1 2 j 2

Nood {Jan. 8§ Lo Mar, 25} ‘
Jan. 10 X X X
Feb, 5 b3 ‘ ® & e
Fely. 22 X | b E N
Mar. 9 X - | -
Mar, 12 s X —
Maor, 10 — — X
Mar, 19 X e

st |
Total i a 1 i 3
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TagLy 1. —Clontinued

Results for indicated soil-moisture treatment!

ey of irvdgation for growing periods ndicated 4o

IXigh ! Medium Low
No. § (Mar. 20 1o June 10)
Mar, 28 X X X
May 12 X X —
Muy 16 — .
May 24 ¥ _— -
Mav 22 e g .
June 7 O T
‘Total 4 3 2
Ng. 6 (June 11 to Auge. 20)
Juue 15 X X X
July 10 X S -
July 12 . 5%
July 20 X - s
July 24 - X s
July 30 X s X
Aug. 8 ‘ X i
Aug. 9 — ¥ _—
Tatal 5 ' 4 ‘ 3

FThe high-meisture, medium-moisture, aud Jow-moisture plots weve irrigated
whenever the average soil-moisture suction in the active root-zone reached 0.7, 2.0,
and 5.0 atm., respociively.

EXPERIMENTAL RESULTS

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 {aken into consideration because of
blackbird damage 10 the seedlings and some difficulties encountered in
drying the samples for dry matter determination. After this harvesi the
experiment was vesceded., ‘

S0IL MOISTURDE

An average bulk density of 1.30 gm./c.c. was determined for soil samples
taken fromn 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 al Lajas Substation are
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Tanry 2.Tnches of daily rainfall during the growth period of the sorghion cxperiment
ul Lejus, P.R., 1961-62

1961 1962
Date S R~ — - p—
May {June | Jul. fAug. iSept. Oct. {Nov. {Dec. | Jan. |Feb. |Mar. [Apr. May [June | Jul. [Aung.
1 0.0 | 0.52 0.27 L0.020.85
2 0.02 T 1.53 I
3 016 42 0.01, .27 B
4 22 Cb L 021.580.020 01
5 000 100012 1.03) .06 0.03;
0 Ry E .24 3 :
7 2] .07 .03 00 L0y 0.19 020 0,04
8 .0310.02 .02 02 0.15;
9 081,030 .02 .00 .02 .07 0 010 .006(L.12
10 .03 ,10 06 .09
11 .31 .38 1.15] .69 .03
12 23 .2
13 .04 02 26, .22 18 020040 16
14| .04 .20 2,47 .0b; .38
15 Y 1.9113.48 24 .21 02 .090| .08 .02 .64
i ! : .02 .02 2008
1w 8ol .67, b L 30
18 L] .091.08; . 1 % 1.32
19 “ RUGT .05
20 0l .05 .27 02 L
21 0200 0 05] .15 P77 08 .88
292 60 .281.45) .24 .03 07 .05] .52 2.10
23 02 .02 A6
24 27 .21 A7 1.43
25 200 .04 .04 02
26 Al .02 L2501, 45 .11
97 .08 .46 .02 .10 1.36
28 .50/2.10 89| .11 1,53 .03
20 .20 .01 .03 09
30 ; 36| 060 13 L0191 L34
31 .80 A0
Total  0.86/1.664.82(8.03!8.27/5.3003.63(2. 56{1. 47]0.84]0.8116. 48 1. [4]3. 22117316, 48
(17-year 13.40/2.53:4.216.35(7.24)5.41]4. 123, 14/2,33)1.34]2.01/3.723. 1012. 5314.21 6. 35
aver- | |
nge) |

shown in table 2. A close examination of the 17-year monthly average shows
that, the rainfall during the mouths of April, May, and Junc of 18962 was
higher than the normal rainfall for that period. It also shows that the period
of highest rainfall (rainy season) oceurs during the months of July to No-
vember.
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The consumptive use of water during short periods of thme and through-
out the course of the experiment is presented in tables 3 to 6. These tables
show the wuter-used variniion 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 1. This table,
as well as figure 1, shows a seasonal efiect on water used by sorghum, They
also show ihe variation in water used among the different moisture frent-
ments,

The highest average dally water used in the rigated trealments ob-
served was 0.227 inches during the period of August to October; the Jowest
was 0.112 inches during the period of January to March. The yearly water-
used variation in the high-moistuie plots was from a daily average of 0.25:4
inch during the period of August 7 (o October 22, to 0.167 nch from (-
tober 23 (o January 7, to 0.119 inch from January 8 Lo AMarch 23, 10 0.187
inch from Mareh 26 to June 10, and 0,177 inch from June 11 to August
26G. In the medium-moisture plots the average daily wafer used was 0.230,
0.137, 0.128, 0.168, and 0.15! inch for each respeciive growth period. The
low-moisture plo(s exhibited a variation of 0.197, 0.128, 0.084, 0.167, and
0.156 el per day for the respective growth periods, The total water used
ininches during the 385-day growing period was 69471 inthe high-moisture,
12.657 in {the medium-moisture, 36.811 in the low-moisture, and 40.767 in
the nonirvigated plot-.

EFFECTS OF IRRIGATION

Trrigation effects on yields at different levels of fertilizer ave preseuted in
(able 8. As ean be observed in this (able irigation did not werease yields
significantly in the first (wo harvesis, However, in the last three havvests
irrigation increased forage yields in o highly signiticand way. The combined
statistieal analysis of five crops harvested shows o highly significant effeet
of nrigadion on forage viclds. As o the individual analysis, it shows that
there were no significant differences in yields hetween (he high-moisture,
medinm-moisture, and low-moisture plots. The average mercase in yields
altributed o ivvigntion was of 2,238, 2,031, and 2,374 pounds of dry mutier
per acre in harvests 4, 3, and 6, vespeetively, (derived from table 8). The
average inerease in total yields during 385 days due to irvigation was of
6,103 pounds of dry maiter per acre,

EFFECTS OF NITROGEN FERTILIZATION

Tuable 8 also preseuts the effoets of nitrogen fertilization on forage yields,
This table and figure 2, ax well as the statistiea) analysis of the data, show a
highly significant quadratic effect of nitrogen eoncentration upon forage
yields, There was a highly significant inerease in yields for the 80-pound-
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Taney J——Conswomplive use of waler by White Native sorghwm in the high-moisture
plots, by growing periods, August 7, 1961 to Augusl 26, 1963

Growing pericd!

No. 2 (Aug

Aug
Aug
Aug

T oto (et 22)

LT to Aug, 102
1 to Aug. 13
1o Aug. 200
Aug. 21 Lo Sept. 7
Hept. 8 o Hept. 102
Sepl. 11 to Sepl. 24
Hept. 26 to Oct, 12
Oct. 13 to Oct, 177
Oct. 18 to Oel. 22

Total

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

Oct. 23 to Oct. 292
Get. 30 Lo Nov. 12
Nov. 13 to Nov, 26
Nov. 27 to Dec. 17
Dee. 18 (o Do, 12
Dee. 20 Lo Dee. 28
Dee. 29 to Jan, 2¢

Jan, 3 1o Jan. 7

Total

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

Jau. 8 1o Jau, 142
Jan. 15 to Feh, 4
IFeb. 5 to Feh, 6
Feh, 7 to Feh., 22
Feb. 23 to May. 2
Mar, 8 to Mar. 8
Mar. 9 {o Mar. 107
Mar. 11 to Mar. 18
Mar. 19 to Mav. 202
Mur, 21 to Mar. 256

Total

Consumptive-use Total consumptivel  Average daily
interval use consumptive use
Days In. In.
: 4 1.008 0.252
; 3 744 248
7 1.701 .243
18 4.159 .231
3 825 RAH
i4 4. 464 A19
18 i 4. 760 264
5 1.000 2200
] B70 A74
77 19.5631
7 1.155 0.165
14 2.197 157
14 2.071 148
21 3.020 144
2 306 98
9 2.019 224
5 1.040 L2008
3 L83 197
17 : 12884
7 0.245 0.035
21 1.743 .083
2 .244 322
16 2.496 156
8 LT 088
t 296 049
2 L204 102
8 1.417 AT7
2 460 230
5 1.330 266
77 9.139
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‘Tasre 3.—Conlinued

3 I

Consumptive-use 'Total consumplive!  Average duily

(oprwidnig, petiigl] ; interval : Uit consumpiive use
Days in, In.
N, & (Mar, 26 €0 June 10) i
Mar. 26 (o Mar, 29° + 0.520 0.130
Mar. 30 1o Apr. 16 18 2,350 .130
Apr. 1T to May 10 21 1 5,081 i 237
May 11 16 May 132 I3 546 182
Mayv 14 1o Muax 23 ! ] 1.571 157
My 242 1 i A7 77
May 25 to June 6 13 2,651 . 202
June 7¢ 1 298 oy
June § to June 10 ‘ 3 707 L2306
Tatal 77 14,1411
No. 0 (June 11 to Aug. 26}
June 11 (o June 142 4 G.232 0.038
June 16 1o June 28 I 1.445 103
June 29 1o July 8 10 1.629 163
July @ to July 112 3 AT 184
July 12 to July 1Y 8 813 109
July 20 to July 222 ‘. 3 405 165
July 23 10 July 20 | 7 1.528 .218
July 30 to July 312 2 32t 162
Aug. 11o Aug. 7 ; 7 JI87 12
Aug. 8 Lo Aug. 92 i 2 360 180
Aug. 10 io Aug. 16 7 1,704 243
Aug. 17 1o Aug, 26 ! 10 3.7562 ! 375
Total | 77 13,006

! During the frst growing period all plots were irrigated ag frequently as necessary
Lo establish the evop. The data arve not included in this table.
? Cansumpfive-use duta ealeulated by interpolation.

nitrogen treatment over the 40-pound treatment in all bharvests; how-
ever, the 120-pound-nitrogen Lreatment outyiclded the 80-pound in the lasi
three crops only. The combined analysis of five harvests shows a significant
quadratic effeet on yields, the 80-pound outyielding the 40-pound and the
120-pound outyielding the 80-pound {reatment. The total increase in yields
due to an inercase in nitrogen fertilizer from 40 to 80 pounds per were per
crop wus 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).




Pagrs 4 Conswmplioe use of waler by White Nolive sorghtm 3 the wmed e paisture
plols, by growing pordods, Augusi T, 1961 o Lugust 26, 1963

Growing peciodt (-gnfit:]lm)rti:;a—llsc Total C(T::Tlmp“m (Oﬁfﬁ:]ii;‘;ls]lﬂll]l‘:e
C Bes | B | am
No. 2 (Aug. 7 to Oct. 22)
Aug. T to Aug. 102 4 0. 668 0.167
Aug. 1l to Aug. 13 3 533 178
Aug. 4 to Aug. 200 7 1.351 193
Aug. 21 to Sept. 7 15 4,138 230
sept. 8 to Sept. 107 3 .328 L2706
Bept. 11 to Sept. 24 14 4.391 A
mapl, 25 to Oct. 12 5 18 3.905 217
Ocet. 13 1o Oect, 17* b L0095 199
Oct. 18 to Oect. 22 5 880 76
Total 77 17,689
No. 3 (Oet. 23 to Jaw, 7)
Oct. 23 to Oct. 29° 7 1.043 0.149
Oct. 30 to Nov. 12 14 2.205 .158
Nov. 13 to Nov. 26 14 2.416 172
Nov. 27 to Dee. 19 23 2.353 1
Dec. 20 to Dee. 212 2 220 : 1313
Dee, 22 to Jan, 7 17 1.790 105
Total 77
No. 4 (Jan. 8 to Mar. 25)
Jan. 8 to Jan. 14° 7 0.3156 0.045
Jan. 15 to Feb, + 21 1.726 082
Feb, 5 to I'eb. 6 2 222 11
Jeb. 7 to T'eb. 22 16 2.579 161
Feh. 23 to Mar. 22 8 1.280 160
Mar. 3 to Mar, 11 9 1.G600 178
Mur. 12 Lo Mar, 142 3 i L 164
Mar. 15 to Mar, 25 11 I.G21 BEY
Total 77 9.835
No. 5 (Mar. 26 to Juoe 10)
Muor. 26 to Mar. 202 | 4 0.186 ©0.047
Mar. 80 Lo Apr. 16 18 2.280 127
Apr. 17 to May 10 24 b.520 230
May 1l to May 172 7 1.316 .188
May 18 to May 24 7 1.186 169
Maoy 25 to May 31° 7 1.085 .158
June 1 to June 10 10 1.379 .138
Total 77 12.958

101
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TasLy 4. ~—Continued

Growing period? Cotlfilrlll::u‘]';:.liz:riu*llsc otal C(l!ll;zllmpfi\"e Lt;’:!‘;?il;gi‘ilggllysre
- Days fa, I,
No, 8 (June 11 to Aug. 26)
June 11 to June 142 4 0.332 0.083
June 15 to June 28 14 1.164 083
June 29 to July 8 j‘ 10 j 2.107 211
July 9 to July 11 ! 3 AT 158
July 12 Lo July 23 ; 12 ; 1.184 009
Juby 24 io Juby 252 2 | 328 10
July 26 to Aug. 8 14 2.514 182
Aug. 0 to Aug. 102 2 410 205
Aug. 11 Lo Aug, 26 16 4,699 256
Total 77 12.642

! During the brst growing period all plots were irrigated as frequently as necessary
fo establish the crop. The data ave not included in {his Lable.
t Consumplive-use data caleulated by interpolation.

There was o significant, interaction belween irrigation and nitrogen fer-
tilizer in. the last two crops harvested. The combined analysis of five crops
harvested shows a highly significant inleraction between irrigation and ni-

“trogen fertilizer applications (see fig, 2).

Nitrogen and irvigation effects on the protein content ol the sorghum
forage are shown on table 9. As can be observed nitrogen fertilization in-
ereased the protein content of the {orage while irrigation deereased it. The
largest dilferences were observed belween the 40- and 80-pound-nitrogen
treatments and between irrigated and nonirrigated treatments. The aver-
age prolein content of the forage was .97, .18, and 7.18 perceut for the
40-, 80-, and 120-pound-nitrogen treatnents, respectively, In the high-
moisture, medium-moisture, low-moisture, und unonirrigated plots the
average protein contenl was 5.72, 5.76, 6.03, and 6.92 percent, respectively,

EFFECTS OF PEANT POPULATTION

The effects of different seeding rates per acre on yields arc 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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No. 2 (Aug.

Aug.
Aug.
Aug,
Aug.

Sepl.
Sepd.

et
Oct.

Na. 3 (Oct,

O,
(et
Nowv,
Nov,

7 to Oet. 22)

7 Lo Aug. 102
11 to Aug. 13
M oto Aug. 207
21 to Sepd, 7
8 o Hept. 21
25 to O, 12
13 fo Ot 172
1% to Oct, 22

Taotal

253 toJan, 7)

23 Lo Ocl. 297
30 1o Nov. 12
13 ta Nov. 26
27 to Do, 17

TRRIGATED NATIVE WHITE SORGILUM
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Cons e ptive wse of water by White Native sorgbumn tn the low-maistire plots,

August 7, 1961 to A ugrst 26, 1962

Dee.
Jun,

18 1o Jun, |
5o Jun. 70

Tt

No. 4 (Jan.

Jan.

Jan,

Feb,
el
Mar.
Mar,
Mar.

8 ta Mar. 25)

8 to Jan, 142
15 to Ieh. ¢
5 to Feh, 22
23 to Mar, 22
3 Lo Mar. 14
152

16 (o Muar. 23

Totul

Nu. § (Mar.
Mauar.

26 to June 1)

26 to Mar. 292
Mar, 30 to Apr. 22
Apr. 23 to May 15
May 16 to May 172
May 18 to June 10

Total

‘ Consumptive-use .’l‘otul t:c:m.f,un'tpti\'ci Averuge daily
; integval use consumplive use
Bys I T
1 0.430 0.154%
3 L0 AT
7 1.:302 . B8
1% .51 251
17 2.7 BEE
15 T 230
i i LH60 172
f 5 LT3 16
77 5162 |
7 1.092 (. £514
14 1.492 A2
14 1.775 127
21 .73 180
18 1.076 LG
3 180 LG
77 9,888
7 0.175 0.025
21 L9035 044
18 1.239 .06
8 1.048 .131
12 2,162 180
1 145 145
10 1.149 115
77 G.853
4 0,174 0.044
24 2.965 124
23 5.4908 .239
2 .400 200
24 3.835 .160
77 12.872
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Taney S—Continued

— Consnptiuse Toal consuuntive_ Averuge daly
No. 6 (Juoe 11 ta Aug. 26)
June 11 10 June 142 _ 4 0.548 0.137
June 15 to June 28 14 1.610 15
June 29 to July 11 i 13 1.070 .082
July 12 1o July 132 2 242 24
July 14 to July 29 16 2,706 169
July 30 to Julv 312 b L2908 149
Aug. 1 te Aug. 16 tG 2.086 130
Aug, 17 1o Aug. 26 10 i 3.4706 s
Fotal i 77 12.036

1o eslablish the erop. The data are not included in this fable,
* Consumplive-use data ealewluled by iuierpolation.

DISCUSSION

As in other fornge species (), a seasonal cffect on the consumplive wse
of wuter by White Native sorghum was observed in this experiment (sec
fig. L). As shown in figure 1 there was a higher water use for the period
ol August 1961 than for August 1962, This can be explained by The influcnce
of heavier rainfall observed during the period of 1961 (sce table 2), or prob-
ably by a deerease in growth attributable to cutting effects.

[rrigation did not nerease forage yiclds during the period of August 7 (o
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
belween the irrigation treatments. The wrigations to the plots with 2 and 5
alm. of suction were made using Cel. WWD Boyoucos gypsum resistance
blocks as he index. The ealibration of these blocks shows a resistauce of
910 and 1950 ohums, equivalent to 2.0 and 5.0 atm., respectively. Kvidently
these resistance readings are (oo low for the respeelive soil-moisture freat-
ments with this type of unit. o other words, the irvigation 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 o 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 nwrigation did not
increase yickls significantly, (he represenfative consumptive use of water
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Tapue Go-Conswmptive use of water by White N ative sorghum in the nonireigated plots,
by growing peciods, August 7, 1961 to Angust 26, 1962
Consumptiveuse | Towal consumptivei  Average daily

Growing period? interval pENY consumplive use
Days A In, 'In.
Nao. 2 (Aup. 7 (o Oct. 22)
Aug. 7 to Sept. 7 52 | 5.324 0.166
Sept. 8 to Sepl. 24 7 2. 681 158
Sept. 25 to Oet. ] ; 18 1.0 237
Oet, 13 to Oct. 22 10 : 1.51 151

Tolnl 77 13,640

No. 3 {Ocl. 23 to Jan. 7)

Oct. 23 to Nov, 12 21 1.328 0.063
Nov. 13 to Nov. 20 14 2.39 A71
Naov. 27 to Dec. 17 21 2.898 .138
Dec. 18 to Jan. 7 i 21 1.779 085
Total | 77 5.396
No. 4 {Jan. 8 to Mar. 25) ‘, ; |
Jan, 8 lo Feb. 4 | 28 I 0.500 0.032
Feh. § to Ieh, 22 18 N L043
['eb. 23 to Mar, 1 20 094 050
Mar. 15 to Mar. 25 5 11 1. 2064 115
Tutlul 77 3.045
No. 5 (Mar, 26 to Juue 10)
Muar, 26 to Apr. 16 22 0.920 0.012
Apr. 17 to Mayv 13 : 97 1. 203 158
Muy 14 to June 10 25 1.375 049
Total i 0. 507

Na, 6 (June 11 to Aug. 26)

June 11 to July 8 28 3.870 0.138
July 9 to July 29 21 1.284 061
July 30 to Aug. 206 28 3. 065 109
R S, S — o mme e l’ . S
Total | 77 ;‘ s.219 |

1 During the frst growing period all plots woere irrigated as Frequent)y as neeossary
to establish the crop. The daty ave not included in this table,
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by White Native sorghum can be assumed to be that of the nonirrigated
plots from August 7 to January 7, and from Januavy 8 to August 26 that
of the low-moisture plols (see table 7). The total consumptive use in 385
days would be 33.797 inches, or an average of 0.140 inch per day, which is
lower than the one determined by the author (4) for Guinea grass nnd Para
grass in the same area. This probably can be explained by the limited 2-
foot, depth of sampling to caleulale the moisture exlracted from (he root-
zone, by the low-moisiure treatment which was the representative one in

Taney To—Consonplice wse of waler by White Native sorglogn by 77 -day growing
pertods, August 7, 1960 lo August 26, 1962

Consumptive use (in inches) under indicated
irrigation treatmentb--

A S A S aily

can-

Modiam . PR
4 i N ; sump-
moisture Low moisture | Nonirrigated tivcl?

USS in
inches?

|1\V|:]‘£lgd

Growing period! High moisture

woyoq [ Paily [ 4. 1 Daily Daily ‘;Duily
Total | 570 | Totad | 12| Totat | DI Total‘ -

No. 2 (Aug. 7 fo Oct. 22) |19.531/0.254/17.689 0.230}15.102 0,197 £3.640{0.177] 0.227

No. 3 (Oct. 23 to Jan. 7) 12 881 167105330 137, U.888] .128' &.306! .100° .44
No. 4 (Jau. 8 to Mar. 25} | 9.139 1190 9,835 J28; 6,853} 080 3.945! 061 112
No, 53 (Mar. 26 to June 10) BF 411 (18712958 L 168112.872) 167 6.567 085 174
No. 6 (June 11 to Aug. 263]13.600 177 /11,642 . 151/12.036, . 156 8.219 .07 161
Total GO.B7E (62,657 56811 40,767
Averapge per day 0.181 L0163 l 0. 148, O.iUliE

! Duringg the fivst growing period all plots weve irrigated as Nrequently as necessary
to establish the crop. The dula were not ineluded in this table.
The noniveigated plots were oot included in (his average.

respeet to waber used in the dry season, or by the plant itsell which shows u
fast recovery afier being irrigated.

Table 8 shows that the Jowest average yield per harvest was during hav-
vest. No, 6, whieh 1s elose to the average oblained during No. 4. Sinee, ac-
cording Lo data with other forage grasses reported by the author (4), the
lowest yields may be expeeled during the winter months, it scems likely
that (he reduetion n yields during harvest No. 6, may have been caused
by cutting cffects of the original sorghum plands,

Nitvogen increased yields siguificantly; however, it had a signiicant
quadratic effeel on yields (see table 8 and fig. 2). In other words, the
first 40 pounds of nitrogen over the initial fertilizer treatment had a linear
refation of yield increase with respect to nitrogen-fertilizer additions; how-
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ever, with the next 40 pounds of extra nitrogen the eurve tended o level
off. A look at table 8 shows that forage yields were increased by the 120-
pound nitrogen treatment in harvests 4, 5, and 6. This evidently shows thal,
a better use of the fertilizer is made during spring and summer,

Seeding rates over 10 pounds per aere did vot jucrease forage yields
significantly. Bui, as shown in table 10, (here was a (endency (o increase

+ 24
Rl
O
M\"""N High maistug

>, «//&
a 6 be / S
Q /? = :1:‘: Lo muishure
;3 ’ bodiuvm maisture
i 7,
X
=2 J2 L
o
2
= oo TR
& .,\\ 4 / Bioa drrigatea
2 ’ s
< b
8 N4 .//
o 08 e , P
5 Y
oI, /

1979

.0 | L ! |

Au, 7 et 23 Jan. 8 March 24 June 11
ta Qgt, 22 ter Ja, .7 to March 25 16 Juaa 1O 1o Aug, 25

TIME PERIQDS (77 DAYS}

I're. 1o-Seasonnl effeets on the consumpliive nse of water by White Native sor-
ghum at Lajas Substation, 1961-62.

forage production with an increase i seeding rafes ai the 120-pound-nitro-
gen level, This suggests that the limiting factor on the respouse (o higher
sceding rates is the nitrogen fertility level.

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




Tasrw So-—fffecls of irvigation and nitragen fertilization on the yiclds (pounds of dry
maller per acre) of White Nobive sorghume at different periods of time from
Awgust 7, 1961 lo Auygust 26, 1962

Effect of indicaied pounds of nitrogen wpplied per ;
ACLE per crop
Harvest and irrigation treatment, : Meuan
40 #ik 120 *
Harveslh No, 2t
(Oet. 23) (
High moisture 6,205 8,701 8,019 7,702
Medium moeisulre ! 6,316 8,416 8,346 7,693
Low moisture ! ,610 7,843 8,403 7,605
No irrigation 7,420 8,778 8,609 8,209
Mean 6,600 8,492 8,344 7,832
Harvest No. 3
(Jan, 8)
Iligh moisture 3,611 6,126 5,042 3,760
Medium molsturce 5,381 6,183 3,077 5,847
Low moisiure 5,518 6,017 3,636 5,734
No irrigation 5,451 5,800 5,717 5,686
Menn 5,498 6,054 5,718 5,757
ITarvest No. 4
(Mar, 26-27)
1Tigh moeisture +,062 6,008 6,945 5,672
Medium moisture 4,700 5,838 7,091 5,045
Low moisture 3,179 5,590 6,997 5,256
N irvigation 2,120 3,113 4,465 ' 3,233
Menn 3,137 4,374
Harvost No.
{(June 11-12)
High moisture 1,885 7,671 8,633 7,063
Medium moisture 5,015 7,792 8,769 7,192
Low motsture 5,248 8,001 9,151 7,467
No irrigation ; 4,072 5,300 0,168 5,210
Mean 4,805 7,214 8,180 6,733
iHarvest No. 6
{Ang. 27) !
High moisture 3,808 6,038 6,864 5,570
Medium moisture 3,872 5,841 7,024 5,579
Low moisture 3,521 5,735 6,464 5,240
No irrigation 2,266 3,188 3,814 3,089
Mean 3,367 5,200 6,042 4,870

! Results of the first harvest were not taken into consideration beeause of black-
bird damage to the scedlings and difficutties encountered in drying the samples taken
for dry-matter determination,
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SUMMARY

A lield experiment was conducted af Lajas Bubstation in order o study
the effects of four irrigation and three nifrogen 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 atm,; medium moisture, irigaled when

40,000 —
5 o
2 e e - T weug 120 Lbs, N
2 o |
‘2 35,000 }— // e e 80 L N
£ e o e T
L -“-——-“M
G /, Py
£ S
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0,600 A Medium Eigh
Mo ireigadion Maislure Muoiston: hiaisture

Fra, 2--Effeets of rrigation and nitrogen ferctilizer applied on dry-matter yields
of White Native sarghum at Lojas Substation, 106162,

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 sceding rates used were 10, 20, and 30
pounds per acre.

In gencral 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.




1 1) JOUNRNAL OF AGRICULTURE OF UNIVERSUTY OF PUBRTO RICO

2. There was o significant ditference 1 production hetween high-molis-
ture, medivm-moisture, and low-moisture plofs, However, the calibration
of the gypsum resistance blocks used as an index of hrrigation show Jow

TanLe $.-—Average prolein content (percent) of White Naiive sorghum forage «l different
irrigation and nilrogen levels!

Effects of indicated pounds ol nitrogen applicd
per acre per erop on the protein content of
Yrrigadion treatment sorghuni forage Mean
40 N 80N 120 N

High moisture P 4.65 0 5.61 6.41 5.72
Medivm moisture 4,74 5.0 6.59 5.76
Low moislure 4,85 6.13 7.11 6.03
No irrigation 5.64 7.08 8.10 6.02
Mean 4. .97 6.18 7.18 ¢.11

L Average prolein content of samples taken in 5 consecutive crops,

TapLe 10.—Effect of irrigation, nitrogen fertilization, and plant population on the totol
yiclds (pounds of dry motier per nere) of White Native sorghum. forage
in & conseculive crops

i
} Effect of quantity of geed planted per acre under indicated nitrogen levels, |
) pounds per xere per crop i
i

Irrigution trealment 0N 80N 120N Menn

Wb, | 20Mh. §{ 308 | 16db. | 201b. | S01b, § 100D, | 2010b, | 30 M.
seadd seed seed seed sced seed seed seed seed

TTigh moisture |24,932124 48724 563134, 71234, 606):33, 372135, 187[35, 043136, 804 31,633
Medinm  mois-23,480124, 170125, 204(34,100133 584134, 228:3G, 941|306, 124188, 504] 31,855

Eure ;
Low moisture (25,405123,740123, 081183, 472135 44730, 304[35, 447(37, 30437, 102 31,276
No irvigation |21,266]21,8566120,872126,77726,221:25, 77326, 0635128, 90428, 374] 25,186

&t

Mean i23,79(5 23,563,23,430

32,340132,4G4[30, 919 35, 552134, 569135, 255 29,988

resistance readings as equivalent to 2 and 5 atm. Therefore, the irrigation
treatments were nol aceomplished as intended.

3. The representative consumptive use of water in inches by White
Native sorghum was as follows: 13.640 fromi 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 {0 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 avorage waler used, 0,227 hneh per day, being observed from August, 7
to October 22, and the lowest, 0,112 inch per day, from January 8 to March
25.

5. Nitrogen ferfilization had a highly significant quadratic effect on
forage yields. The 80-pound-nitrogen treatment outyielded the 40-pound
treatment in o highly significant way in all 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 trrigation and nitrogen
ferlilizer i the last two crops. The combined analysis of five erops havvested
shows o highly significant interaction between irrigation and nitrogen for-
tilizer.

7. Secding rates over 10 pounds per acre did not inerease forage yields
significantly.

8. Niirogen {ertilizer applieations increased the profein counlent of the
forage while irrigation decrcased it,

RESUMEN

En la Subestacion de Lajas se llevd a cabo un experimento de campo para
estudiar el cfeeto de cuatro distintos nieveles de riego, tres de nitrégeno y
ires distintas cantidades de semilla por acre, sobre Ia produecdn de ma-
teria seca del millo Blanco del Pais. Los tratamientos con riego fueron como
sigue: Se mantuvo un alto contenido de humedad en ciertas pareelas, apli-
candose les riego cuando el promedio de suceidn (tensidn) en el drea alrede-
dor de las raices aleanzaba 0.7 de atmdsfera; un contenido mediano de
humedad cuando el promedio de succion fue de 2.0 almdsferas y un bajo
contenido de humedad cuando el promedio de suceidn fue de 5.0 atmds-
feras. Tas parvcelas sin riego sirvieron de testigo. Los niveles de nitrdgeno
fueron 40, 80 y 120 libras por acre, por corfe. Sc usaron 10, 20 y 30 libres
do semilla por acre.

Iin términos generales, los datos obtenidos demostraron lo siguiente:

1, La aplicacién de riego aumento la produccion de forraje durante los
meses de enero a agosto, pero el aumento no fue significativo durante el
periodo de septiembre a diciembre.

2. No hubo diferencia significativa entre la produccion de las parcelas
que reeibieron riego, Sin embargo, la aplicacion de riego no se hizo segin in-
dicaban los tratamientos, ya que los blogues de resistencia que se usaron
como {ndice de riego no se calibraron debidamente.

3. El millo Blanco Pals requirié las siguientes cantidades de agua: 13.640
pulgadas de agosto 7 a octubre 22; 8.396 de octubre 23 a encro 7; 6.853
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de enero 8 o mavzo 25; 12.872 de marzo 20 a junio 10 y 12.036 de junio 11
a agosfo 26, o seq, un (otal de 53.797 pulgadas durante 385 dins.

1. La estacion del ano tuvo que ver con el consumo de agua. I8l mayor
consumo, o sea, un promedio de 0.227 de pulgada por dia, tuve lugar de
agoslo 7 o oclubre 22, v el mas bajo, o sea, 0.112 de pulguda, de enero 8 a
marso 23, _

5. La apheaeion de nitrégeno tuvo un efecto cuadritico altamente
significativo sobre la produceion de forraje. 185 decir, la aplicaciéon de 80
libras de nifrégeno por acre, por cosecha, aumentd la produceién ol com-
pararse con el tratamien{o de 10 hbras, en una forma altamenle significa-
fiva en todas las coseehas. Sin embargo, al aplicavse 120 libras el aumento
en produceidn fue reduciéndose en comparacion con el tratamiento de 80
libras, Id aumento en produceidn fue significativo solamente en lus adltimas
[res cosechas.

i, Hubo ana inderaceion significativa eotre las aplicaciones de nitrdgeno y
riego duranie Ins altimas dos cosechas, mientras que ¢l andlisis combinado
de las cinco cosechas reveld que la intevaceidn fue altamente significativa.

7. Cuando se sembravon més de 10 libras de semilla por acre, el aumento
en la produecion no fue significativo.

8. La aplicacion de nitrégeno sumenld el conienido de proteina en el
forraje, mientras que el riego lo disminuyd. '
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