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MEAD EXPERIMENT STATION CLIMATIC DATA FOR 1975

° Mo 'Do CIegg .

Variations in climate influences many physiological processes
in plaﬂté; It is necessary then to have records of various climatic
data to éid in interpretations of experimental results. Weather
data'frbmqthe Mead Experiment Station has been summarized using
the Statistical Analiais System (SAS) developed at North Carolina
State UﬁiQeraity (1). This system has the cepabilities of many
statistical analyses and data plotting, A minimum knowledgé in
computer programing is all that is necessary for one to bé able to
use it.

PROGRAM DICTIONARY AND METHODS

Because the system can only take names up to eight characters
various abreviatéd names are uéed. The data collected was also
converted to metric system units. The following names and units
have been used for the various variables.

Alr teﬁperature ).

Maximum = = = = = = = = = = = == == === A MAX
Minimum = = = = = = = = = = = = = = == =< A MIN
Average Maximum-Minimum = = = = = = = === AVE TEMP

Soil'femperature (C) at a depth pf 5 cm

Grass Covered soil.,



Bare soil.

bfaxiﬁt;;l S A et i e em i im et e i e ot By MAX

Minimum = = = = SH e S el = - - - B MIN
xS Noximmintan - - - - - - o - - - AV
Rainfell (cm/week) ple el f‘:mfrr‘: ---- RA{QH
Accumulated Rainfali (cm)—.- - === -.-‘A#AIN
vaaporation, Claas A pan (em/week) -”?‘- --- ~‘ﬁVAP’
jAccumulated Evaporation (cm) .- -- -t- - - AEVAP
Wind (km/week) sl et -w-A-.- e - wiND
‘Accumulated Wind CknD-A- I AWiND
Growing degree units (GDU'e/week)- - - - GhU

Accumulated growing degree units (GDU's) h.- - - AGDU
Growing degree uniee (Gpufs)we:ewealculated using a base temperature
of 15 5 c by the equation.
GDU = [(A MAX + A MIN)/z] - 15.5
The seascn dees:ibed started March 1 and ended October 31.
Evaporation data started Metch_;s and en&ed October 15. Weeks describe

a seven day interval. The month and days for each week are as

follows:

Week 1 March 1-7 Week 8 April 19-25
k" 2 " | 8-14 "9 4" May 2
"3 " 15-21 " 10 May  3-9
" o4 " 22-28 "1 " 10-16
"5 " 29- April A " i2 " 17-23
S hpril sl "1 " 2-30
" " 12-18 " 14 " 31-June 6



Week 15 June 7-13 Week 2€ Aug 23-29
116 M4 14-20 27 - 30-Sept. 5
"o17 "o21-27 " 28 Sept 6-12
S LS A -

uly 5- -
" 20 - M012<185 RIEEK) & e 27=-0cts 3
"o21 " 19-25 "o32 Oct 4-10
"2z " 26-Aug 1 ". 33 "o11-17:
23 Aug 2-8 "o34 "o 18-24
" 24 o 9=15 " 35 " 25-31
" 25 16-22

DISPLAY OF DATA

Figures 1-9 are average maximum-minimum temperature, growing degree
units (15.5 C base temperature), accumulative growing degree units, pre-
gipication, accumulative precipitation, pan evaporation, accumulative
‘pan-eféporation, wind and accumulative wind respeétively. Superimposed
upon each figure is the apprbximate planting period, the period when the
crop is blooming and the harvest period.

Note that planting begins approximately when the average maximum-
minimum temperature is 15.5° C, Figure 1. Growing degree units per
week using 15.5 C as a base tempefature also define the growing season,.
.Figure 2.

Rainfall shows good distribution, but the amount per week after
planting never exceeded 2.5 cm until mid August, Figure 4. The fall
was exceptionally dry.

Evaporation exceeded 5 cm per week and at times evaporation exceeded
6 cm, figure 6. Note also evaﬁoration was very high during the fall.
This resulted in grain being harvesged with low m&ieture and minimized
drying. The total amount oflr;infﬁll for the season beginning March 1

. and ending October 31 was 36 cm. Over this same period ihe evaporation



of water from & free surface was 123 e¢m. * If a crop loses water by

syfactor of 0 8 x 123 cm through - transpiration, then tnis would be

r,l«‘

approximately 3 times‘the amount of«rainfall received during the
season. Thus, good soil moisture storage moet occur: for adequate

4{ g

moisture to be available for a crop.

{Th' efficiency of water used

LN
&

can,be increased by planting the proper maturity hybrids at a proper

o
A'.

plant population and row spacing.
- ‘Table 1 contains thevactual :printout of the data. It also contains

grassécoveredwsndébarewsoilwtemperaturendata.v,

LITERATURE CITED

1. Barr, James and J. H.:Goodnight. 1972. A user's guide to the
-statistical analysis system., Dept. of Statistics, North Carolina
State University.
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.1975 MEAD WEATHER STATION DATA SUMMARY

Figure 1

PLOT OF AVE TEMP VS WEEK
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1975 MEAD WEATHER STATION DATA SUMMARY

PLOT OF AGDU VS WEEK
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2719753 MEAD WEATHER STATION DATA SUMMARY.
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1975 MEAD WEATHER STATION DATA SUMMARY
—  Pigure §
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1975 MEAD WEATHER STATION DATA SUMMARY
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L 1975 MEAD WEATHER STATION DATA SUMMARY
— Figure 7 -
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1975 MEAD WEATHER STAT!ON DATA SUMMARY

‘PLOT OF WIND VS WEEK
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1975 ‘MEAD WEATHER STATION DATA SUMMARY
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1975 MEAD WEATHER STATION DATA SUHHARX(
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Table 1 OBS WEEK A PAX A _MIN AVE TEMP G MAX G MIN ~ AVE GRT B MAX © - ‘B.MIN. -
Cont. ..
26 26 32.5399 17.8573 25.1986 32.1431 23.4129 27.7780 38.5717 23.3335
27 27 28.6510 17.3017 22.9764 27.3018 21.5875 24.4446 31.9050 19.8414
28 28 25.2383 11.3493 18.2938 24.6827 17.3017 20.9922 30.0796 15.2382 T
29 29 20.8732 9.6033 15.2382 19.9208 14.5239 17.2224 25.5558 13.0160
30 30 19,5240 3.,0953 11.3096 19.5240 11.1906 15.3573 24.7621 9.2858 .
31 31 20.0795 2.5397 11.3096 17.9367 9.2064 13.5715 23.6510 T.2223 —
32 32 26.7462 6.8255 16.7858 20.7938 11.2699 16.0319 26.6669 10.1588
33 33 25.5558 3.9%683 14.7620 21.1906 11.9842 16.5874 26.5875 10.4763
34 34 22.6192 2.8572 12.7382 18.7303 9.2858 14.0080 24,2859 T7.8572
- 35 35 15.6350 0.8730 8.2540 13.4128 6.7461 10.0794 17.0636 %4445
0BS AVE BRT RAIN ARAIN EVAP AEVAP WIND AWIND GDU AGDU -
- 26 30.9526 2.6162 31.1114 6.6548 91.095 1252.07 33664.9 67.8903 816.163 -
27 25.8732 1.9812 33.7639 3.8608 95.979 964,00 34700.0 523346 873.418 T
28 22.6589 0.5842 35.4983 64,3942 100.014 1089.53 35755.0 25.8898 905.030
29 19.2859 0.0000 35.9156 2.2606 103.128 1226.32 36745.7 4.5558 918.800
30 17.0239 0.0000 35.9156 4.1656 106.553 1028.37 38082.6 0.0000 921.967
31 15.4366 0.5080 36.2059 3.2258 110.087 640.52 38745.2 0.0000 921.967
S 32 18.4128 0.0000 36,4236 6.3754 115.149 1067.00 39756.1 14.1117 930.976
N 33 18.5319 0.0000 36.4236 4.9784 121.064 1195.74 40924.5 9.6116 942,944 )
34 16.0716 0.0000 36.4236 0.0000 122,834 1071.82 41816.3 5.9447 947.564
35 10.7541 0.0000 36.4236 0.0000 122.834 1472.55 43294.8 2+5557 .

1 F
>t
§

952.000

Segn




1975 MEAD WEATHER STATION DATA SUMMARY
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Table 1 08sS WEEK A_MAX A MIN AVE TEMP G MAX G MIN _AVE GRT 8 MAX B MIN o
1 1 0.9524 ~11.8255 =5.435886 0.0000 -0.1587 ~0.0794 -0.5556 =-0.7937
2 2 0.0000 -10.1588 —5.0794 0.0000 0.0000 0.0000 -0.2381 -0.5556 o
3 3 9.2064 ~4.2064 2.2000 0.5556 0.0000 0.2778 4.2857 -0.5556
4 4 7.3016 -5.5556 £.8730 3.7302 1.2699 2.5000 7.6191 -1.9841
5 5 2.3016 -9.1271 ~3.4127 1.1111 0.3968 0.7540 5.0794 =4.3651 .
6 6 11.0318 2.3016 6.6667 6.6667 3.4127 5.0397 12.8572 2.6984
N § 7 15.2382 3.4921 9.3652 11.4287 57937 8.6112 19.5240 4.4445
8 8 16,4287 4.8413 10.6350 12.8572 7.3810 10.1191 19.1271 6.0318 .
9 9 20.0795 5.5556 12.8176 16.4287 10.3175 13.3731 22.6986 8.3334
10 10 24.2859 11.5874 17.9367 20.0002 13.0953 16.5478 28.4129 12.7779
11 11 22.3018 6.7461 14.5239 21.6668 14.0477 17.8573 29.1272 11.4287
12 12 30.3971 16.5874 23.4923 25.6351 17.5398 21.58B75 35.1590 19.1271
13 13 24.3653 11.8255 18.0954 23.0161 16.7462 19.8811 28.7304 15.2382
14 14 24,2065 10.0001 17.1033 22.9367 15.7144 19,3256 28.0161 13.0160 e
15 15 23.5716 12.7779 18.1747 23.3335 16.8255 20.0795 27.8574 15.0001
186 16 27.6986 16.1112 21.9049 24.7621 18.8097 21.7859 28.9685 17.8573
17 17 29.7621 16.7462 23.2542 2643494 21.5875 23.9684 29.6034 20.3176 -
18 18 33.0955 19.2859 26.1907 28.6510 22.4605 25.5558 33.8892 22.3811
19 19 32.7780 16.8255 24.8018 30.1590 22.3811 26.2701 43.6511 22.3018
20 20 30.8733 16.5874 23.7303 29.2066 20.5557 24.8812 42.3813 20,6351 e
21 21 3l.1114 16.6668 23.8891 29.7621 22.2224 25.9923 40.2384 20.6351 B ’
22 22 33.8098 19.3652 26.5875 31.1114 22.8573 26.9843 41,3495 23.095¢4%
23 23 31.8257 16.2700 24.0478 31.4288 21.9843 26.7066 39.6829 21.1113.
24 24 2.4606 18.2541 25.3573 31.9844 23.6510 27.8177 37.8574 22.1430 [
25 25 32.4606 18.1747 25.3177 31.8257 23.0161 2T.4209 37.4606 22.3811. b
aBs AVE BRT RAIN ARAIN EVAP AEVAP WIND AWIND Gbu AGDU
1 ~0.6746. 0.0762 0.0109 0.0000 0.000 1308.40 644.7 0.0000 0.000
2 -0.3968 0.4318 0.3846 0.0000 0.000 1046.07 1958.6 0.0000 0.000 : s
3 1.8651 0.0762 0.5515 0.0000 0.000 825.59 2762.1 0.0000 0.000 - S
& 2.8175 2.6162 1.3426 0.0000 0.000 3286.28 5034.9 0.0000 0.000 ) -
5 0.3571 0.2032 3.2875 0.0000 0.000 2338.38 T772.9 0.0000 0.000 .
6 T7778 0.1524 3.4798 0.0000 0.000 2497.70 10485.1 0.0000 0.000 N
7 11.9842 1.5240 45647 1.6002 0.421 1580.38 12054.7 0.3335 0.095 o
8 12.5795 2.8448 6.7274 2.6924 3.063 1543.36 13771.4 2.8892 1.365 g
9 15.5160 2.1590 9.4669 3.6830 6.397 1602.91 15531.8 2.6114 S5.747 -
10 205954 1.5240 11.2740 3.8100 9.939 1374.38 16855.3 19.7230 15.914 : -
11 20.2779 1.1938 12.6202 3.8608 13.955 894.80 17917.7 2.3336 27.383 i
12 27.1431 0.0508 12.8089 5.7150 18.905 1495.08 19159.2 55.9458 55.256 ’
13 21.9843 4.1656 14.9715 4.5466 24.373 1318.05 20572.5 20.0008 98.504
14 20.5160 1.6002 18.1537 3.9878 27.958 783.75 21529.1 16.3340 108.798 ..
15 21.4287 2.2860 19.9281 2.9718 31.460 910.89 22447.4 20.5563 133.005
16 23.4129 2.3876 22.1597 4.8006 35.676 1488.64 23642.9 44.8346 164.760
17 24.9605 2.0828 25.0988 4.2164 40.183 838.47 247876 54.2791 216.221
18 28.1351 0.4064 25.6649 4.8768 44,646 857.78 25679.8 T4.8348 283.397
19 32.9765 0.0000 25.7810 5.6388 50.223 671.10 26369.8 65.1125 357.756
20 31.5082 0.0000 25.7810 6.5278 55.601 1384.04 27306.7 57.6124 403.305
21 30.4368 2.1336 26.9458 5.0800 61.954 .601.89 28387.7 58.7236 474.965
22 32,2225 0.0254 27.9327 5.7150 67.223 811.11 29079.5 77.6126 537.220
23 30.3971 0.3556 28.2956 5.1054 72.274 1145.85 29986.7 59.8347 608.285
24 30.0002 2.3876 29.2935 6.4516 78.852 1115.28 31359.0 69.0014 6T7.446
25 29.9209 0.0508 30.7340 5.6388 83.998 1153.90 32249.9 68.7236 738.629
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GROWN: AT THREE PLANT -POPULATIONS:
Max DirClegs, :J. V. Maranville, J. D Eastin and C: Y. Sullivan

7Graiﬂ?sorghum produces'a-relativelpggood grainbcrop when gromn under
idryland conditions.v The 1974 summer was exceptionally dry through most
iof the sorghum growing season. Yields were reduced by: lack of - moisture
&combined with ‘a cooler than normal late August and September. The plant
;population of a crop determines to a great extent the yield of grain
fsorghum especially if environmental conditions are narginal. The objective
of”this experiment was to: 1. evaluate sorghumvgrain ylelds when sorghum
'isﬁplanted at extremely low plant populations, atka.fairly nofmal plant
population and at a high plant population, and 2, to determine if erect
hybrids perform more efficiently than the normal types.
. The rational for'the last objective 1is based on the cosine response
of leaves to light absorption. (1) Erect leaves should be less efficient
in light absorption during the period “of day when- maximum light is received
because the angle of incident radiation to a line perpendicular to the -
1leaf would be. large. For this'reason~they ghould ‘have aalighter heatrload
,and a smaller heat load would require less transpiration for cooling thus
possibly more efficient in water utilization.

MATERTALS AND mambns
Six sorghum hybrids (Rs 626, DeKalb E~57, RS 671, Martin x SC33, CK-60

ix sc33 and Redlan x 8033) were, planted two times the desired plant, popu—

: .,s~- -

tlation with a surface planter equipped with belt. feeder attachments. The

row spacing was 0.76 meters: After: emergence:the plots:were thinned to:
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‘were performed throughout the growing season. The experiment

o

"Lffactorial inﬁe‘

randomized complete block design with four replications.

; P !‘(‘.

jPlots were. four rows 6 meters lomg. An ‘analysis of varianee was computed
b&‘tﬁe reeults‘?mdjéignificant‘differencee among meemsfwerelteeted'with
Dunééh's Multiple genge Test at the 0.5 level of signitieeﬁee{_ |

At maturity the heads from measured row lengths Were-herveeted and
threshed. - Sorghum grain yileld was expressed as kg/ha at 14Z moisture.
Plant height at maturity was measured in centimeters from the ground to
an average head height. Days to 50% bloom are the number of days to
when 502 of the plants were shedding pollen.

RESULTS AND DISCUSSION

Results of yield, height and days to 50% bloom for the six hybrids
are shown in Table 1. The highest yielding hybrid was the erect hybrid
CKroO x SC33., It also yielded well at the higher populations. Differences
in yield height and bloom were significally different. There was no
real yleld advantage by using erect hybrids over non-erect hybrids.

The influence of plant population on these same variable are shown
in Table 2. Higheet yields were obtained when the hybrids were planted
at the lowest plant population. Yield continued to decrease as plant
population increased. Thus.with the less than desirable hodsture conditions
during the. growing season, high plant populations resulted in more plant
stress, Other than yield, this was also reflected by a decrease in
sorghum plant height and an increase in the number of days to 56Zlbloom.

ghegreeuits:egreefwith the generel,recommepdation,thet‘drylgud

sorghums should be planted at a low plant population. The amount of seed
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stlerl. Yield, ¢height :and- daysqto 50%:bloom iof ;8ix; hybrids.L?Dsga
‘are means of three plant populations and four replic‘ ions. 1975.

H SeEl et swowh b U Ydeld cni e Height oo Daysiato

Hybrids o - (kg/ha) ‘ (cm) zsozsblham v
1.,,RS 626, . . . 5748 a% 92 5 b 64,6 d
2. 'Dekalb E-57 5702 ab '99.6"a '67.2 ¢
3. RS.671: 5802 a . .89.2 ¢ 68.9.a
b, Martin x XC33 5462 b 91,6 b’ 68.0'b
:5...CK-60 x SC33 6080 a -99.3 a_ . ,67.8 be
6. Redlan x SC33 5314 b 99;6"6 74,2 a

* Numbers within a column followed by the same letter do not differ
significantly using Duncan's Multiple Range Test. )

Table 2. Yield of grain sorghum planted at three different plant populations.
Data are means of six hybrids and four replications. 1975.

eowie ' Yield Height Days to
Plant populations** (kg/ha) (cm) 50% bloom
1. 75,000 plants/ha 5997 a* 100.6 a 67.8 b
2. 225,000 plants/ha 5698 b 9.8 b 68:6 a
3. 375,000 plants/ha 5360 ¢ 90.5 c 69.2 a

* Numbers within a column followed by the same letter do not differ
significantly using Duncan's Multiple Range Test.

%% Plant populations indicated were the plant population to which they were
initially thinned after overplanting. The 75,000 plant population increased
by 9%, the 225,000 and 375,000 plant population decreased 8% and 162
respectively.

‘needed to plant each rate was approximately 2.34 kg/ha (2.06 1bs/A),

*7.03 kg/ha (6,19 1bs/A) and 11.72 kg/ha (10.32 1bs/A). This 18 assuming

an emergence rate of 80%. The greatest advantage of planting’ at'low plant

zaogﬁiationsﬁiskthaézif'moistﬁfe“is”éood the ‘crop' will tiller”and’ thus

Zﬁ%ﬁ%ﬁsaté‘foi”éﬁa*iﬁiéiéi‘16%’51&ht*ﬁbphiaéiaﬂ”aﬁd*m51ﬁiaiﬁfa good yield.
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However, at high plant populatione you do gain some yield advantage if
':;‘moisture is good, but if moisture is lacking, vegetative growt:h occurs
‘using moisture at the expense of a moisture reserve needed for grain
ﬁfodii‘c’:tibn.“ ‘

LITERATURE CITED

. Biggs,‘w. We, A. R, Edison, J. D. Eastin, K. W. Brown, J. W. Maranville,

"and M. D. Clegg.‘ ‘1971, Photosynthesis 1ight sensor and meter.
Baatlaney E2:198.111_
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‘SORGHUM~SOYBEAN - CROPPING’ SYSTEMS*

‘Max D. Clégg

Many factors influence the adaptability of a crop to a crop
producing area. Climaticallyytemgerature;and rainfall or water

availability are probably the most important'factors dictating

establishment owfcrops.& Among these factors ar ufuel and fertilizer

costs. . Various cropping systems can be esta 8 ed‘which“can mini-

mize the use of water, fertilizer (especially nitrogen) and tillage
iOperations which reduce fuel consumption. .

| ﬂThe'sorghum-soybean combinations used in rotation were designed to
posaihly conserve water, nitrogen.and‘fuel.‘ Each tillage operation

exooaes moiSttsoiliwhieh in turns dries resulting in soil moisture loss.
Aisofgreateat:fuel consumption occurs duringiheavy tillage, By minimizing
the~number of tillage operations, both moisture and fuel can be conserved.
Nitrogen‘can.be fined by legumes,'so less chemical nitrogen would be needed
followingia'legume such as soybeans.

:The'experiment was designed to reduce tillage by using no-till systems.
Weeda,were controlled using\herbicides. Reduced tillage was implemented
after'SOybeana because crop residue is a minimal problem. Tillage only
followed sorghum, thus, in a rotation with the alternating of sorghum and

eoybeans heaVy tillage was reduced by one-half. With a rotation of sorghum

followed by two years of continuous soybeans, heavy tillage was reduced

by ne-third. A farmer by dividing his farm fields into one~half sorghum

and one-half soybeana or one ‘third sorghum and two-thirds sovbeans Ammediately
reduces;his»fuel;expense.4 The affect on water and nitrogen conaervation ‘has.

yet to be evaluated.
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.MATERTALS AND METHODS

?Permeneﬁt“plots'wefb established for rotating'grain:sorghum:

and’ soybéaris were altérnated each year or a three year'cycle in:which

‘ygétéﬁﬁﬁ"ﬁaghﬁléﬁted following ‘two years of soybeans. The plots were

‘si% rows spaced .76 meters apart and six metérs long. The sorghum was

overplanted and thinned to a final population of approximately 125,000

plants per hectare. The soybeans were seeded 31 to 39:geeds- per meter

resulting in a plant population of 408,000 - 513,000 plants:per acre if

a1l survived.

The treatments consisted of:

1. Continuous sorghum, kg/ha N,
2. " " , 57 "
3. " " 114 "
4. " " : 170 "
5. " " R no N
6. SB =SB - Sorg ’ kg/ha N,
7. i "’ ’ , 57 n
8. " , 114 "
9. " , 170 "
10. SB - Sorg , kg/ha N,
11. " , 57 ”"
12. " , 114 "
13. " , 170 LL]

" The treatments were randomized and replicated four times.

conventional tillage.
" L1}

conventional tillage.

conventional tillage following sorghum.
1"

conventional tillage following sorghum.
L1 " " "

With exception of treatment five, the crops were planted with a no-till planter

following soybeans.

;lpguorghum, weeds were controlled in the tilled plots in the conventional

manner.

Prior to planting the plota were disked and harrowed and after

planting sprayed with 2 mixture of propachlor (2 7 kg/ha) and atrazine

(1.1.kg/ha).

_ Weeds. .were controlled in the no-till plots by initially
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killing the spring germinated weeds with paraquot (4 5 1/ha) before

'Hggreached a. height of ten, centimeters. After planting the :plots

were sprayed the same as’; the conventional tilled plots or if some large

weeda persisted ;the: preemergence mixture plus paraquot was used.' Weed

T

control dn: soybeans .was the _same except the preemergence herbicide used

AR (hF 2

‘wasgchlorambenx(6:7tl[ha) _1f .necessary, further. weed control was by
Gultivation.:.

‘Water:available for.the .crop was Irom the natural sources pPrior co
and:during:growth,. -

An.analysis of variance was applied to the data and, if significances

occurred, differences were determined using the Duncan's multiple range test.
RESULTS AND DISCUSSION

The first year drought and cool late summer temperatures coupled
with high plant,populations resulted in yields ranging from 878 to 1506

ﬂkg/ha for’grain sorghum (Table 1); The yields were generally “Iinverse
with nitrogen levels.

Table: 2 showswthe,resultsﬁof.grain sorghum ylelds in 1975. Yields
generally increased*with increased ni?rogen. Also there is a suggestion
of about 50 kg/ha nitrogen beingvcontributed from two years sbrghum.
Statistically, Yields were 1H&£ea§éa3b%”ﬁié%éiénfapiiiéaéian. Bloom
was shortened by nitrogen.

Soybean yields averaged 2681 and 1980 for 1974 ‘and’ 1975 respectively.

No significant differences occurred between treatments.

Initial results are encouraging. In 1976 soil fests’ are’ ‘going to

o "' '.(‘

‘be . made of each plot 80 nitrogen rates will not exceed the designated

,rates. Also, moiature will be monitored.
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Table 1. Yieldfofwgrain .gorghum® plantedfin ‘conventionaliand ysoybean-sorghum
rotation systems. 1974.

Treatnenta Yield

‘ — (kg/ha)
I BT r-i & T PR L Ll it

Crop sequence Nitrogen (kg/ha)

1. Continuous sorghum | 0 - | >1234.
9, oAl e . 57 ~ 1195.
3. " " 114 1075
4 M LA - 170 1027 .
6. Soybean-sorghum* 0 1238
7. 57 1506
8. ] " 114 994
9. " " 170 v 878

* Sorghum was planted no-till.

Table 2. Yield and days to 50% bloom of grain sorghum planted in conventional
and’ soybean-sorghum rotation systems. 1975.

Treatments Yield 50% bloom

(kg/ha) (days)
Crop sequence nitrogen (kg/ha)
1. Continuous sorghum 0 4511 c** 74 a
2. " " 57 5623 ab 70 b
3. " " 114 6050 ab 70 b
4, " " 170 6174 ab - 70 b
10. Soybean-soybean—sorghum* 0 5079 be 70 b
11. 57 6074 ab 70 b
12, " " " 114 5346 abc 700
13. " " " 70 6328 a 69 b

%, Sorghum was planted. no-till
ok Numbers within a column followed by the same letter do not diffeér ‘gignificantly

.-using Duncan's multiple range test. .
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‘INFLUENCE£OE15EED "SIZE! AND:DENSITYﬁON GERMINATION
14\1{” ‘Bﬁ.‘:

SEIILING EMERGENCE AND YIELD ‘OF GRAIN SORGHUM

Jerry W. Maranville and Max D, Clégg

A recent report (4) indicated that'a'hiéher péfcent germinating
~gaed+lot" which was-obtained- by aeparating -and-retaining denser kernela,

Lot
m:yigroduce a bet.er stand in the field. Selecti;gvlarger kernels alao
impéoved germination and seedling stand. Final grain yield, however,
wagﬁnot improved significantly:in the better germinating.seed lots.
w;;igwith other plant types sucﬁ;as cotton still enforce the observation
.cﬁgt fullness (density) is a bétfer criteria than size in determining
seed quality (2,3). Abdullahi and Vanderiiﬁi(i) ;lég'fbund'in sdrghum
that there. was no consietent improvement of establishment with larger
size kernels although here was a trend for this to happen. In contrast
r;;'our findinge in sorghum (1), Smith and Camper (5) showed that larger
soybean kernels produced larger plants which yielded more although
vinitial establishment: from these kernels was not.different from that of
emall kernels.

TheAféiiowing experiment reports on a continuation of the original
é@bdy designed to evaluate primarily‘pize and density of seed lots

with regard to field performance.
MATERTALS AND 'METHODS

thg expgrimept was conducted in a wmanner similar to that pre—

yiqys;ygdesgribed,(1),w1thasqmgnmod1f
Srn USRS AT A

two of which are common to the area
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NC+ 70X were obtained from commercial sources as unproceased seedvand
8033 x Martin experimental was increaeed in Puerto Rico.\ Thevietter
was included 80 as to have a seed lot with poor germinatdon. Density
sgpetetdocs‘wetc made on a sucrose solution of 1.237 density. Size

separations were made using a sieve with 10/64 hole size. Field

‘expegimeotation was the same as previous (1).
RESULTS AND DISCUSSION

_Berceqt germination was significantly different among hybrids
(Table 1) as well as kernel welght and kernel size (seeds/volume).
RS 671 had the highest germinating seed lot but fell in betveen the
other two hybrids for seed weight and size. The experimental hybrid
had the poorest germinating lot, but was the heaviest as well as the
largest.

Similar to a previous experiment (1), the denser seed (heavy)
produced sigﬁif;cantly better germination percentage (Table 1). In
contrast, however, the large seed did not perform as well. The light
seed was the poorest germinator, which again was similar to that observed
-previously. Significant differences were found among all treatments
for seed weight with the large being the heaviest per seed and the small
the lighteat. There was no d1fference in seed size among the two
density fiéctions indicating that seed size was not influential in

'altering ‘the germination response observed for these two fractionms.

.,.‘: ?m,~l)

Tbblew2~ahows\the actual field performance of the various hybrid

seed lots subjected to the different treatments. RS 671 had a faster
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éarly'rate of emgrgence, but the experimgntgl had’mo:e total seedlings
emerge.  Final stnds appeared to be reduced below that 4% the Filal
seedling emergence with 70X being signlficantly lower in Findl ‘dtand
than the other two hybrids. Thia;fgauéfibﬁ“aidznai'féfiééf,;ﬁbdGGer,
in the final grain yleld. The highest yleld was Erom 70% folidied by
Rsihgif;nd'%ﬁéﬁé;pefiﬁéhtal; respectively,

As expected, there was a siénifiéaﬂ% dirrerence between populations
for all parameters measured.(Table 2). The most obvious point here was
that the differénce in yield, although significantly higher for the
greater population, was Only'ldigﬁiéher. The higher population produced
47% more total seedlings and 34% more plants at final harvest. This
shows the ability of sorghum to compensate markedly to differences in
population;

Table 1. Means of hybrids and treatments for percent germination,
1000 kernel weight and kernels per volume, '

4 Wt per_ kernels per

Rybrid Germination - ~..1000 kernels 15 cc volume
RS 671 95.4 & 34.5 b 454 b
70X 90.6'b - 32,0 - 520 a
Exp. 66.1 ¢ 38.3 a _ 446
Itgatment » |
control 83.0°b 3500°¢c
large 82.8.b 38,9 .8
small 81.4 be 30.3 e
heavy 93.0 8 36.5' b 472 a

79.8 ¢ 33.9.d 475 a

light

Values followed by the same letter are not significantly differeﬁt at
the 5% level of probability using Duncan's'multiple range test.



Table 2. Mbéns of%ﬂjb?ids;rbopulations and treatments for emergence, final stand and grain yield.

Hybrid Emergence 1 Emergence 2 Emergence 3 - Final Stand Grain Yield

(plénts/ha x 103) (plants/ha x 103) (plants/ha x 103) (plants/ha x 103) "~ (kg/ha)
RS 671 ©.60.6 a- 66.5 a 71.0 b | 65.8 a 3901 b
70X T 42.9 ¢ 58.6 b 64.8 ¢ 59.4b 4338 a
Exp. . 53.7 b 69.1 a 78.4 a 63.5 a 2677 ¢
Population
125,000 35.8 b 43.8 b 49.2 b 50.1 b 3446 b
250,000 69.0 a 85.7 a 93.6 a 75.9 a 3831 a
Treatment
control 56.5 a 69.3 a 76.3 a 64.3 a 3830 a
large 46.3 b 63.1 a 70.3 a 62.4 a 3608 a
small 50.3 ab 61.0 a 71.6 a 60.5 a 3388 a
heavy 56.0 a 67.5 a 71.1 a 64.2 a 3563 a
light 53.0 ab 62.9 a 67.6 a 63.7 a 3804 a

Values followed by the same letter are not significantly different at the 5% level of probability’usihg Dpncah's
multiple range test.
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Similar to the previous experiment (1), very ‘little difference was

noted amoné'the treatments when averaged over populations and hybrids.
(Table 2). " The enly significant difference was that the 1£fge ;eed
treatment emerced slower than the control or heevy treatments. ;No
differences; however; were detected in*final seedlingdnumberg‘final
stand or grein yield. -

From the results of the two experiments, it is concluded that a
more dense or large seed lot may have higher germination, but this does
not mean that there will be an increase in number of seedlings emerging
or final grain yield if the desired number of viable seeds are planted.
It was observed, however, that the denser or larger seeds appeared to
produce a more vigorous seedling. When conditions of stress are imposed

such as soill crusting or low moisture, perhaps the benefit of a more

vigorous seedling would be evident in final grain yield.

LITERATURE CITED

1. Abdullahi; A, and R. L. Vanderlip. 1972. Relationships of vigor
tests and seed source and size to sorghum seedling establishment.

2. Ferguson, D., and J. H Turner. 1971. Influence of unfilled cotton
seed upon emergence and vigor. Crop Sci. 11:713-715.

3. Krieg, D. R. and S. N. Bartec. 1975. Cottonseed density: associated
germination and seedling emergence properties. Agron. J. 67:343-347.

4. Maranville, J. W. and M. D. Clegg. 1974. Effects of seed size and
density on field performance of grain sorghum. In The physiology
of 'yleld and management of sorghum in relation to genetic improvement.
Univ. of Nebr. Ann. Rep. No. 8, pp.35-42. :

5. Smith, T. J. and H. M. Camper, Jr. 1975. Effects of seed aize on
sovbean performance. Agron. J. 67:681~684.
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GROWTH; “YIELD ‘AND*NITROGEN “UPTAKE “IN ‘GRAIN’'SORGHUM
‘GROWN UNDER*VARYING RATES “OF MULCH -

Jerty W. Maranville

A limited number of studies have determined, to some extent,
patterns of nutrient uptgkg‘in grain sorghum in relation to growth.
Vanderlip §7) reported thag potassium is taken up most rapidly followed
by nitrogen and phosphorus, respectively. A crop producing 9000 kg/ha
of grain removes somewhere around 300 kg/ha of nitrogen under current
production practices using current hybrids. This type of 1nfofmation
seves as a gulde to fertilization practices when combined with soil
data. Little information is available, however, on whether this pattern
is altered under different cultural conditions such as minimum or reduced
tillage. Mulches remaining on the soil surface with such practices
are known to reduce soil temperatures considerably (1, 3, 4), which
influences the lateral spread and depth of penetration of the root
system (3). A greater lateral spread in the shallower soil zone has been
postulated to be assoclated with a more efficient utilization of nutrients
early in the development of corn (2). A shallow root system is also
more susceptible to leaching losses than deeper root systems 3). In-
crgased.wgt%r ;ntake, however, and decreased evaporation often result in
more available moisture under mulches than bare soil (1, 5, 6).

The q;terationiin‘soil temperature and moisture regimes may alter

. .plant g:ow;h;yhgchdin~tufn mgy,alter nutrient up;gke patterns. Soil

.nitrogen may also be less available to plants grown under mulches than

with conventional means (6)._ Plants grown under mulches could require
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difféieht5y@§§g§m¢gg;prgct4ceeapa:;iculérlxﬁwithKtespectutq fertility.
Tﬁe folibwingiexpgg;ment wasgdqs;gngdg;ogggcqrm;ne‘some plant growth
responses in sorghum groijuqqgg_difgegenp,mulchiug rates and the
pattern bf nitrogen uptaké and accumulﬁtion in the tissues.
| MATERIALS AND METHODS

" Sorghum hybrids RS 626 and RS 671 were planted in 4 row plots on
jahé 5,11595, aE:Mégd;"ﬁéﬁrabké; The éxpéiiméﬁtél‘éité was uniformly
fertilized with 112 'kg/ha of N as ammonium nitraté and 45 kg/ha of actual P.
Weeds were controlled with the application of 0.9 kg/ha atrazine plus
éi%ﬁ§§7ﬁh #foiééhl&r applied preemergent. One week after seeding and
jﬁéi as b1a;£s were éﬁérginé, chopped dry sorghum residue was placed
6$éf‘desigﬁ;téd ﬁlots at rates of 2200, 4400, and 8800 kg/ha with bare
soiixééfViné as a control. The experiment contained four replications
in aisblifiﬂioék deéign; Soil témératuréb were monitored through the
season at a depth of 7.5 cm by using bulb-type recording thermometers
(;zﬁﬁaéélbés) in one replication of each treatment, Soil moisture was
deté;ﬁinkﬁ 30 days after seeding to a depth of 90 em in 30 em increments
by ﬁah;aily cdring:aﬁd'diyinh in an oven at 110 C fof 48 hr. Three planté
selected at random weré removed from each plot 30 days after seeding for
mééé&réﬁéhté of DM production and N uptake. Subsequerit samplings were
made in a similar manner at late boot and when seeds were in the milk
stage of maﬁuriti. For the latter two samiplings, plants were divided
ihé@”ﬁééiaus parts as 1. bottom one-half leaves; 2. top one-half leaves;
‘gf éﬁéﬁhﬁiﬁa sheath; and 4. fﬁfidréﬁéenéé'(Iéeé’éampling)i‘:Piéﬁtq or

parts were combined and dried 'at 80°C'for'72'ht; wéighed’and?ground
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to.pass. a. 40 mesh. screen.on.a Wiley.mill.. Percent, total.N.was determined
by Kjeldahl., Percent protein in grain was determined at maturity by the
Orange“G“dye”binding;methodf'"G?gi@”yiglds‘were“determined“bY“hggyeQFing
3 m of the: tio’ center rows.andcohverted to 1% molsture basis. Molsture
at harvest was. deternined on 3 heads from each plot after drying at 80 C
for~72 hr. Days to 507 bloom was”détErMiﬁéd“as'that“tiﬁe’when‘SOZ of
thé-pignta per plot were flowering.
RESULTS AND DISCUSSION

Table 1 shows the soil temperature alterations one may expect
throughout the growing season when varying amounts of mulches cover
.the soil surface under the conditions of this experiment. Early in the
season before the crop canopy f£ills in, the temperatures are considerably
cooler than on bare soil. This may be as much as 10 C if the mulch is
heavy. Latgr in the season after the canopy is filled in (8/1 to 8/5),
there is littie différence in maximum or minimum temperatures between
ahy ﬁéeatment. Late season temperatures seem to indicate that there may
be some insulating effect from.mulchea as ambient air temperatures start
cooling. The heavy mulch appeared to be warmer tPan the lighter mulch
treatment. However, the control bare soil was still staying quite warm
indica;iﬁg that energy was apparently penetrating the canopy enough: to

"directly warm the soil.

Soil moisture was higher at all soil depths measured if mulch was
present versus the bare soil (Table 2). The differences were greatest
af the one foot level and were similar among the mulching treatments at
60 or 50 ¢m depths. This most likely was due primarily to a savings from

retardation of evaporative loss.
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Table 1., "Soil" témperature in‘degreeé?é,ha”ﬁn*ﬁééiﬁgé;bf”@?dii*iﬁfé%%als
' recorded early, mid-, and late in the growing season.

At gty

wiciine pate,

Rate 713 o 7/17 .~ 8/1 to:8/5 . 9/2-t0 9/€.. .
Max  Min- © Max Min . SiMaxc "’Mih'%‘» .

Control 40.2 26.7 30.7 23.1 24,8 20.1

2200 kg/ha 37.2 23.8 28,2 20,3 19,2 - 15:4

4400 kg/ha 37.0 25.1 29.0 21.2 21,5 16.4

8800 kg/ha 30.6 235 29.8 21,9 23.2 19,2

Table 2. Percent soil water in a 90 cm profile when determined
..30.days. after. seeding.

TRl e

Mulching - Depth (cm)

_:Rate. - 30 | 60 - 90 -
Contxol 18.4 22.7 22.4
2200 kg/ha 1819 23.4 23.8
4400 kg/ha 20.9 24,4 23.1

8800 kg/ha - 21:2° ‘2427 23.6




finstance, soi_ temperature‘probably had a: greater influence than the

The patterns‘of“ rowth shown»in ;Table 3: indicate that in- thls
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moiature difference. «Thia is not particularly true: when soilrmcisture

is-more limiting than in this experiment (5). «The: plants grown .under
heavy mulch were generallyfreduced by. 45%: in. size. (DM produced) and
conaiderably delayed in maturity (7:1leaf. stage vs Q?leafhatage%jpr
control)‘axIncreased,mulching»ratea;progreasiveleredueed growth and

*also;stande

Ave

Table 3. . Dry: matter - -(DM). production in gm/plant taken at three stages of growth
’ under varying mulching rates.
Mulch
Treatment
Growth , kg/ha
Stag il » 'Rybrdd - . ..control .. 2200 4400 - . 8800 Ave.
‘ _gm DM/plant
DR T3 '
7 to 9 o o ,
Leaf “626 3.49 2,60 2.05 2416 2.58
ﬂ671 3.75 2,39 2,12 1.71 2.49
“Ave” 3.62 2.50 2.09 1.94
Late
Boot 626 47.32 39.04 47.72 46.27 45.09
‘671 69.13 67.26 - 66,62 “ 68451 67.88
aéyﬁx »58.23 _ 53.15 57 17 57 39
Milk 626 87 11 100.99 103. 31 107 04 99.61
‘671" '116: 13 129,31 131,77 13396 127.80
101.62 115.15 117.54 120.50 '




4

......

any treatment although“the later maturing RS 67r produced t:he»largestjj
famount.- However at milk stage,»there wasfa noticeable*increase*in DM
fper plant as’ mulchea were progressively}heavier. This was due to’ the
dfact ‘that’ there was’ initisl stand reduction and less*competition ‘between
plants fesulting in larger plants for the mulched treatments than. control.
’This ‘also’ apparently was: reflected in the’total yield of both' grain and
grain protein (Table 4). The advantage gained by moisture :conservation
(5, 6) were not evident in this experiment since little stress occurred
during‘the'season on these plots due to timely precipitation. Rather,
=the ‘Stand‘ reductions due’'to cold’ soil temperatures reduced. yield under
mulch,

Table 4 also shows that the early delay in maturity of seedlings was
carried through the' season ‘and resulted in as much as a 6 day difference
nin bloom. date for the heavy mulch versus.bare: 801l treatments, gény:
’mﬁlchiﬁg'tréatment; however,‘delayed’bloom“date. This is also reflectea
in, the moisture :0of the grain at harvest which increased progressively
with increasing mulching rates. Undoubtedly, this could pose management
problems if omne must wait until low enough moisture levels are reached
before harvesting.; Delayed harvests normally result in. reduced yields.

g

| Total nitrogen uptake by various plant parts and whole plants are
L LR 1‘1 5 - >

shown'in Table - 5.3#There was generally no{difference in N uptake early

uin;ahe;season for any treatment although there was a reduction in RS 671
under the heaviest mulching rate due to reduced plant size primarily.
Similarly, no apparent differences existed at late dough stage among

treatments, but there was noticeably more taken up by Rs 671 than RS 626,


http:shown.in

55 Effects ;of .different mulching rates to certain parameters important :_Ln,econoﬁ:iqg cgnsidératiotgg.

Days Final Harvest o .
Mulch - to Stand Moisture Yield Protein
Treatment : Hybrid 50% bloom plants/ha x 1000 b 4 kg/ha g/ha
coritrol 626 63 115.4 21.0 6170 652.5
671 68 108.9 25.5 6440 677.8
Ave 66 112.2 23.3 6305 665.2
2200 kg/ha 626 65 113.3 21.7 . 6255 658.1
~ 671 70 104.5 26.5 6340 665.4
Ave 68 108.9 24.1 6300 661.8
4400 kg/ha 626 66 108.9 22.5 6355 670.8.
671 71 104.5 28.9 5450 571.4.
Ave 69 106.7 25.7 5900 621.1
8800 kg/ha 626 68 102.4 25.5 5300- 643.9
671 76 91.5 32.6 5100 546.1
Ave 72 97.0 29.1 5200

545.0

11



36

Table 5. "Uptake of nitrogen by two sorghum hybrids grown under different:
T - -mulching rates.

Late

. A Plant 7 to 9 Boot {Milk'
Treatment Hybrid Part Leaf Stage Stage - 'Stage

g i/plant

control 626 top 351 287

bottom 222 226-

stem 511 366

‘total 88.9 - -~ 1084 1484

top 335 443

bottom 223 233

stem 687 328

head 790

total 110.2 1245 1819

Ave, total 99.6 1165 1662

2200 kg/ha 626 top 248 357
bottom 201 186

-gtem . . 401 248

‘ ‘total 108.3 850 1584

671 top 344 514

bottom 233 240

stem 625 316

head 1001

total 91.8 1202 2071

Ave. total 100.1 1026 1828

4400 kg/ha 626 top 351 382
bottom | 259 231

stem 518 285

head 766

total 95.9 1128 1663

671 top 350 507

bottom 236 267

stem 615 335

tiead _ : 951

total 987 1201 2061

Ave, total 97.3 1165 1862

8800 kg/ha 626 top 316 377
- bottom 241 g;i
1 89 1

head ) 538

total 111.3 1046 1683
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Table 5 'chnginugd)

Late
" Plant 7-to'9 Boot Milk
Treatment Hybrid Part Leaf Stage Stage Stage
.u}ﬁ'?jﬂlplant:
671 top 423 523
bottom ’ 237 236
stem 660 322°
head ' 1050
total 81.8 1320 2132
Ave. total 102.2 1183 1908

the latter being the more short statured earlier maturing type. Stems plus
sheaths contained nearly one half of the total plant N at this stage, followed
by the tob;leaves and then the bottom leaves which had the least.

. There was a trend for more nitrogen to be accumulated per plant at the milk
stage aé:mdiéhing rates were progressively heaviecr. However, concentrations
were simi;a; indicating that these higher N values again were the result of
larger plants derived from poorer stands. The total amount of N removed
péi?héctgre of ighd was similar for all treatments. Similar to the boot stage
of growth, RS 671 took'up considerably more N per plant than Ré 626, The most
‘hoticeable shift in N accumulation in the plant parts was from the stem to the
gra;g_(;gflorescence). There was no gain in amount of N in the bottom leaves
even though they gained slightly in weight. This was due to concentration
reduction. Top leaves, however, did increase in total uptake due primarily
to gain in weight rather than concen;nation.

The early indications from one years data on the alterations one may

expect when growing sorghum under mulching systems indicate that growth patterns
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can be changed. When moisture is not limiting, the reduced soil temper-

"Etﬁf&*ﬁhtli“iﬁ'thé“ieeébh”ie”theTbredominAht”effect. "A”tedﬁéfi&ﬁﬂﬁi*””
M.r
ﬁstand may result as wellsaa .at delay in. maturity. Mnlchee do, however,

conserve moisture which in certain seasons ie critical.
‘Uptake of nitrogen“does not appear to be altered in sorghum under
;mulch, Muieées affect plant growth directly which in turn affects N

Lébncentratigﬁs,in plant material.
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SCREENING SORGHUM GENOTYPES FOR*DIFFERENTIAL'UPTAKE®
AND"!UﬁLImiQN OF ' PHOSPHORUS "AND " IRON

‘R:'B. Clark, J. W. Maranville, and W. M. Ross

Im?rpvgd and‘expaﬁded crop productioﬁ will be required to meet
future food demands. This will necessitate the continued use of fertilizer
nutrients and possibly expansion of crop production to mére environ-
mentally streé;ed lands. Limited and more careful use of fertilizers
will be desired and required because of their high cost, possibility
for scarcity, and potential for pollution. Plants adapted to more
environmentally stressed lands are also desired to help overcome some of
the adverse conditions found on these lands.

One method for helping reduce fertilizer needs,or for getting greater
production from fertilizer added, is to develop crop varieties or hybrids
that are more efficient for the uptake and utilization of mineral elements.
Studies have shown that marked diversity for mineral uptake and utilization
exist in many plant genotypes (1,2,3,5,6,9,11,12,14,18,19,20,22,25,26,27).
Large differences in tolerance to toxic elements have also been shown
(7,13,15,16,17). Taking advantage of these differences and using them in
plant breeding programs has great potential.

Only about 10% of the P added to solls 1s utilized by plants (4).

Thiq is a‘rglatively low level of P efficiency and improvements in P uptake
and utilization appear feaﬁible. Differential P efficiencies have been
q?ted for cérn inbreds (13), soybeans (10), sorghum (8) and P concéntrations
i& ;;r; leéves appear to be ggnetically controlled (2,3,19,20). The

identification and isolétidn of genotypes showing‘differential P efficiency
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have not:;beendone;£or;sorghum.
Iron deficiency.in.sorghum of. the Great Plaing states has been, is,
and will continue to be~annimportant problemmuntillcorfective measures

can be incorporated. This problen is most paramount on alkaline and

A
S

calcareous soils.: Correction of Fe deficiencies in plsnts does not
appear feasible by Fe additions to the soil. This practice is prohibitive
Iron additions must be on a continual basis and with some crops more
than one application per crop is required. Many of these soils have
high Fe. but Fe 18 not available for plant use. The most feasible and
long term solution for overcoming Fe deficiencies is to breed plants
with greater efficiency for use of Fe. Wide differences in plant geno-
ktypes for Fe uptake and utilization are known (5,6,9,11,14,24, 26) and are
genetically controlled (10 26).

The objective of this study was to set up procedures and screen
sorghum lines for their differential responses to P and Fe in soils.
These results are preliminary,and additional experiments are being con-
ducted'to refine methodology'and to'screen more sorghum lines.

MATERIALS AND METHODS

Soils used in this study were reported to induce P and Fe deficiencies.
Descriptions and properties of these goils are given in Table 1. Soils
(l 6 kg/pot) were placed in plastic pots and each fertilized with 110 N

and 140 K (kg/ha) as NH@NO:; and I(HzPQ, or. KZSO4. In addition, ‘the low Fe
soil received 110 kg/ha P as KHyPO, and the low P soll received lU kg/na

Fe as FeEDDHA (Fe ethvlenediamine di(ofhydroxyphenylacetate). Plastic



Table 1. Description and properties of soils used to screen sorghum lines for P and Fe.-

Soil
‘Property. Valentine Bridgett Sharpsburg
‘Location ) Central Nebraska Sandhills North Platte, Neb. Lincoln, Neb.
:Nutrient problem P - def. Fe - def. Nondef.
“Texture Fine Sand Calcareous Fine Silty Clay Loanm
‘ Sandy Loam
Classification Typic Ustipsamment Torriorthentic Typic Argiudoll
Haplustoll :
Cultural Practice Virgin desert Cultivated Unknown
: (near center pivot system)

-pH 6.5 8.2 5.5a

‘ 6.5Db
CEC (meq/100g) 2.81 11.90 —
Conductivity (mmhos) — 0.23 <0.2
Ex Na (2) 0 2.44 —-—
NO, - (ppm) 3 8 0.6
P~ (ppm) 10 10 18
K  (ppm) 0.26 363 302
oM (2) 0.51 1.11 3.24
Mn (ppm) 14.42 8.34 _—
Fe (ppm) 3.17 2.45 —
-2n (ppm) 1.43 1.01 -—
Cu (ppm) 0.62 0.33 -
Ca (meq/100g) 1.57 6.39 —_—
Mg (meq/100g) 0.26 5.96 —

a pH before liming.

b pH after liming with 8000 kg/ha CaCOj.

144
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bags were placed under each pot to keep excess water and leached nutrients
from being lost to the soil. Seed was obtained from the Nebraska sorghum
breeding program. .Seeds were planted, .and:after 10 days, seedlings were
thinned to:3'pian%éYéét%ﬁlth{ddpliéateipotarfor[eech'1ice. Pots were
randomized throughout and grown in a greenhouse.

Severe mineral deficiency symptoms appeared in ﬁlants within 24 days
as el planting. At this time, visual nutrient deficiency symptom ratings
wvere recorded for each line on each soil and the plants harvested. Plants
were cut about 1 cm above the soil, the bottom leaf discarded and the
other leaves (sheaths included) water rinsed at the base, blotted dry,
and ‘placed in paper bags for drying. Plants grown on the loﬁ,Fe soil
were separated into upper (top 2) and lower leaves. Plant materials
were oven dried at 70 C, weighed, ground to pass a 20-mesh screen, and
analyzed for P and Fe. Phosphorus was analyzed by the molybdovandate
color method (21) and Fe by the o-phenanthroline color method (24) on
samples digested with sulfuric acid-hydrogen peroxide (23).

RESULTS AND DISCUSSION

? efficiency of sorghum lines: Of the 23 sorghum lines grown in the

experiment (Table 2), KS35, Martin, EH-KS19 and KS5 grew better and
produced the most dry matter on the low P soil. In contrast, CK60-
Korgl, SC177-15E, CK60-Shallu, North Platte, and SC119-9-2-2-2 grew
“poorly and produced the least dry matter. Plants producing the most
%dry matter generally had the lowest degree of P deficiency and plants
producing the.least dry matter had the highest degree of P deficiency
(Table 2).. "Concentrations . of P in the: leaves varied extensively with an

overall ‘average '0f 0.158% P. Phosphorus contents ‘decreased with increased


http:andAfter.10

Table 2. Dry-_matt:ér yields, degree of P deficiency and P concentrations and contents of sorghum lines grown on a
Jdow P (Valentine) and a nondeficient (Sharpsburg) -soil.d’ '

Valentine * Sharpsburg
Sorghum Line Dry wt. Def. symp.b P P Dry wt. Def.'symp. <P ~ P
g/plant y 4 mg/plant g/plant .2 O mg/plant
KS 35- .680 0 .217 1.487 ‘ 1.291 (] 472 6.04
Martin ' .528 (] 174 .922 1.200 0 +376- 451
EH-KS19 .502 0 .150 748 1.479 0 408" 6.01
kS 5 = 446 0 .228 1.077 1.236 0 <390 4.82
SC33-9-8-E4 .307 1 .153 .482 1.192 0 J452 5738
Redlan .272 0 .150 .351 1.358 0 4347 648
Tx412-Tx414 265 2 .196 .520 1.190 - (1 Fe)©  .456- 538
CK 60 .232 0 .183 . 446 .255 0 486 6.10
Plainsman .217 2 .101 .235 1.360 0 443 5,98
Redbine 60 .212 2 .122 .256 1.638 0 2378 6:20
Wheatland .200 1 .203 468 1.559 ] L404° 683
SC118 <194 2 124 .202 1.528 0 .310- 4.68
SC29-6-1 .189 2 .108 .205 1.341 0 379 4,72
SC500-6-1 .187 3 .103 .156 1.192 0 314 3.74
TAM 618 .148 1 .148 224 1.161 0 .534 5.96
TAM B1K25 .148 2 .146 .221 1.301 (1.Fe) .353; 4465
TAM 428 .140 2 .126 .175 1.332 0 5002 5:42
Tx2536 .139 2 .146 .194 1.329 0 .302. 3,10
SC119-9-2-2-2 - .l08 3 .182 .205 1.738 0 <318, 4.57
No. Platte .108 3 .130 L2140 1.526 0 2377 5.74
CK 60-Shallu .101 3 .185 .185 .869 (1 Fe) 667  5:80
§C177-155 , .100 3 .178 .180 1.592 0 +362% 5.04
CK60-Korgi .067 3 172 " .115 1.312 0 7568 7.47

1%}
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P deficiency symptoms., Two sorghum hybrids (RS 610 and: RS 626) grown,

'onéthe low P soil for comparative purposes grew poorly without added

With added P, RS 626 grew betterwthan any of the sorghum
1ines.\ However, when the sorghum lines were grown on, a nondeficient
soil;:. the dry matter production of' the hybrids:.(1. 80 g/plant average)
was not extensively higher than that of the sorghum lines (l 35 g/plant
average) (Table 2) The corn inbreds Pa36 (P-efficient) and WH (P~
inefficient) (13) were also grown on the low.P’ soil for comparative
purposes. Both corn lines had severe P deficiency with no added P and
had moderately severe P deficiency with 110 kg/ha added P.

The sorghum plants grown on a nondeficient soil grew well and
showed no P:deficiency symptoms. (Table 2). Dry matter yield, P con-
centzation and content differences among plants‘were not particularly
significant and were markedly higher than for plants grown on the low P
soil. Sorghum grew as well and took up as much P as corn when grown on
the nondeficient soil.

The correlations between dry matter,produced‘and‘P concentrations
of plants grown on both soils was not significant. Phosphorus contents
of plants grown on the low P ‘soil were more closely correlated with dry
weights whieh would be expected since contents include dry weights in
their calculations. Phosphorus concentrations in 1eaves -alone appeared
to be a poor parameter or criteria for evaluating P efficiency. Dry.
matter production and P contents seem to be more closely associatédghith

severity of P deficiency than P concentrations. Corn did not‘appearﬁto

be as efficient for P as sorghum and showed more severe deficiency

1 r

svmptoms than sorghum when grown in\soils with comparable amounts of P.



Tabl? 2, cont.

i

Valentine Sharpsburg

Sorghum Line: ey we.  Def. symp.b P P Dry wt. Def. symp. ~ P ¢ P

B g/plant y 4 mg/plant g/plant R £ @g/plept

B S Lines used for comparisons ) s
RS 626 ’ .217 1 .116 .250 1.667 0 ‘346 5:74
RS 610 » .198 2 .076 .151 1.925 ‘0 .378° 7.25
RS 626 (P- added) .966 0 .330 3.180 1.667 0 346 5.74
RS 610 (P added) (No Plants) 1.925 0 ;.378“ 7.25

| Corn lines used for comparisoms ' : ‘; -
Pa36 .315 3 .138 .458 1.332 2 .246  3.16
WH .397 3 .102 .396 .654 3 263 .1.72
Pa36. (P added) .802 2 .836 5.614 1.332 2 246 3 16
WH (P added)? .273 2 .738 2,004 .654 3

263 1.72

8 Average of 4 plants grown in 2 pots.

b Def. Symp. Scale O - No deficiency, 1 - slight deficiency, 2 - moderate deficiency, 3 - severe deficiency.
C No P deficiency, but Fe deficiency was present. Scale same as for P deficiency.

d Plants did not grow normally.

<Y
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When dry matter yield, P concentration. and;P;content were compared
‘to: Ks35, only 5 of the 23 sorghum lines produced at least 502 the dry
matter as ‘K835, Those sorghum lines that had P deficiency ratings of
3 (the most severe P deficiency rating) yielded only 10 ‘to: lSZ the dry
matter as KSBS. Sorghum lines ‘used in this” experiment generally grew
poorly on thé low P soil. Phosphorus ‘concentrations varied from 46 to
105% (average of 71%) that of K535 and P contents ‘were as much as 13 times
lower as KS35. Seventeen of the sorghum lines had 1ess than one~-third
the P content of KS35. The sorghum hybrids grown without P yielded only
about 30Z that of KSBS.' Phosphorus contents of the hybrids were only
about 14X that of KSSS and P concentrations were about half that of KS35.
Only with added P did the hybrids out perform KSBS. The corn lines had
higher dry matter yields and P contents than - sorghum hybrids with no
added P‘~Bowevcr. with added P, the sornhum hybrids ‘had ‘higher dry weight
yields and P contentsuthan the corn 1lnes. This would suggest that the
hybrids used here wege not very efficient for P.

KS35 increased dry matter yields only 2~fold when grown on. a non-
deficient soil compared to the low P soil. On the,other hand, CK60-Korgi
showed a 20-fold increaseiin dry matter when grown on the nondeficient
30il compared to theﬁlow,P’aoil. All sorghum lines stiowed:about 2:to 3~
fold reductions in P concentrations when grown on the low P soil compared
to the nondeficient soil. Phoaphorus contents, however, were markedly

lower in plants grown on the low P soil compared to the nondeficient soil;

KSSS had a 4-fold reduction and CK60-Korgii)ad a 65-fold reduction

Fe. efficiencx of sorghum lines. - Of the sorghum lines grown on the low
CK60 and Redbine-60 grew

Fe soil, most grew relatively well (Table 3),,l



iabie;B; Dry-matter yields, degree .of Fe deficiency, and Fe and P concentrations and contents of sorghum lines

grown on a low Fe (Bridgett) and a nondeficient (Sharpsburg) soil.

Bridgett . ~ Sharpsburg
S Upper R
. S Def.  1leaf Tops Tops = Tops Tops Def.‘. .« _Tops. » .

Sorghum Line ~ Dry Wt. gymp.  Fe Fe  Pe P P Dry wt  symp. "Fe— Fe - R

g/plant ppm ppm ug/plant %  mg/plant g/plant ppm ug/pl Z ms/pl
CK: 60" 1.288 0 218 206 265 .250 3.22 1.255 0 358 462 a.486“ 6 10
Redbine 60 1.256 0 142 166 208 «270 - 3.40 1.638 0 316 516 .378_f6 20
$C29-6-1 1.147 0 200 248 248 <345 4.40 1.341 0 303 403 .379 4. 72
sci18 - 1.076 0 196 243 290 .332 3.57 1.528 0 388 595 .310 4.68
80500—6-1 --0.952- 0 236 270 254 .389 3.23 1.192 0 300 353 .314 3.74
Tx 2536 . 0.935 1 154 148 141 .398 3.28 1,329 0 345 458 .302 3.10
Tx412 ~ Tx414 0.897 0 193 214 192 426 3.81 1.190 1 366 435 .456 75.38
SCll9-9-2-2-2 0.893 0 175 220 195 +375 3.30 1.738 0 325 ' 556 318 .4.57
Redlan 0.873 0 177 208 187 .338 3.04 1.358 0 392 532 .434 :6.48
SC177-15E 0.870 0 172 234 204 473 4,08 1.592 0 348 556 .362..5,04
CK 60 - Korgi 0.863 2 90 144 110 424 2.68 1.312 0 221 290 .568 7.47
Martin 0.857 0 158 183 159  .282 . 2.40 1.200 0 254 306 .376° 4,51
SC33~-9-8-E4 0.818 0 234 236 206 «390 3.30 1.192 0 227 270 .452 5.38
Plainsman 0.812 0 134 160 147 .366 3.32 1.360 0 356 484 .443_5.98
TAM 428  © 0.752 0 173 221 167 .369  2.99 1.332 0 350 466 .500° 5.42
EH-KS19 0.714 2 196 231 160 .588  3.73 1.479 0 331 490 .408 '6.01
RS5 .0.669 2 ‘164 186 125 «303 2.03 1.236 0 ‘314 387 .390.°4.82
Wheatland 0.633. 2 182 217 138 378 2.41 1.559 0 326 506 .404 6.83
CK 60 = Shallu 0.617 2 172 239. - 143 524 3.21 '0.869 1 304 262 .667 5.80
No. Platte 0.595 2 114 232 139 356 2.11 1.526 0 202 307 .377 5.74
TAM BLK 25 ‘0.570- 1 208 208 - -119: 442 2,46, 1:301 1 270 352 .353 4.65
TAM 618 0.551" 2 176 - 224 124 476 - 2,58 . .1.161 0 384 445 .534 5.96
‘KS35 0.448 S S 140 147 .68 354 1.54 '1.291 0 252 324 .472 '6.04

Ly
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Table' 3; cont.

Bridgett

Dry Wt

Def

Sywp-

Upper

leaf

Fe:

Tops Tops
Fe Fe

Tops Tops
) Py

‘Sharpsburg

) I

. CanE

RS:626
RS"610" -
RS1626" (FFe)
RS7610: (+Fe)

WF9:.
Ysllysl

,WF9,6+Fe)“‘ﬁ'

ysllysl (?e)ﬁ

g/plant.

ppm;

ppm ug/plant

%o mg/plant

Lines used for comparison

?‘ppm uglpl z mg/pl

21*2013

0.852:
1:132:
1.682:

eero..

[s

... COrg

164, 197
190: 119
202° 228,
201_ 3323

.329
.370.
304
.352.

3.98
2.50
3.95
5.92

lines used for comparison.

' 1.667.

1.925,
1.667.
1.925,

(oo N o]

" 1831308
" 240,454

L5346, 7574
1;.378 ~7.25
1837308 ° et

: 240.7 454 378

e

Bo.w o,

Lt

152;
238
186f
211f

170, 174
302 48
231 228
301 251

® 3.2?. .
.386:
.22?5
«312:

Z.53
0.63

2,18
2,59

L.520
0.307.
1.420
0.307

WO W O

zw
185059 .4
T 222 - 314

185 59

Average of 4 plants grown in 2 pots;

, a
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Cne:DesT.and:proauced <tae most;ary; MACTEr: and (K535, (in:contrast ito
:prodﬁcingﬁthé:mbgﬁu&fy*mattetfwhen'grown.onatheﬁlowxzusoiliygrew;the
%wofstwandﬁprdddcéa the:least dry matter. :/Only about-3-fold differences
«n dry matter:yields:were noted :between KS35 :and: CK60.: . Iron deficiency
fsymptdmﬁﬁonuﬁorghﬁmawére¢n0t~as severeasthey -were on yellysifcorn,nor
were:dry matter yleld reductions for sorghum as severe as ys;/ysj corn.
'Although:dryumattergyields~generally followed Fe deficiency severity,

‘many lines with .some Fe deficiency produced relatively high amounts of
‘dry matter. - Ironnconcentratiqns in the top leaves (173 ug/g) were not
significantly different from Fe concentrations in all the leaves (208 ug/g).
Although -the P concentrations varied extensively in the sorghum lines,
those ‘producing -the highest dry matter seemed to contain lower P concentrations,
and. those producing lower dry matter seemed to contain higher P concen-
trations (Table 3). Plants showing greater Fe efficiency usually contain
lower P. (8,9,10,14a), and plants with higher P efficiency have been
assoclated with lower Fe efficiency (8). The position of KS35 in Table 2
(grown on the low P soil) compared to its position in Table 3 (grown on
the low Fe soil). seem to confirm this idea. Additional experiments and
.more careful analysis of the data are needed, however, before confirmation
.of this relationship can be verified.

Iron:and P.concentrations were lower in the sorghum hybrids (grown
for .comparison) than the average for the sorghum lines. Upper leaves had
lower Fe concentrations: than tops when grown: with or without Fe. The corn
genotype:ysy/ys) was. Fe. deficient even when more tﬁan the usual amount of

ﬁFg;ypa:addédbidpuble)a Dry matter yilelds. increased 4-fold,.however, with
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'tﬁisﬁagaed$?e¥ﬁ‘AddédﬁFe;hadhhoﬁeffgqtﬁqquEQ&y;gld@bﬂt@did&;gbgggge
Fei ;aﬁeéﬁﬁéguonsx ‘An:the'leaves from’152':to; 182 ug/g in':the upper.two
leavea and ‘from 170 to:231 ug/g:insall leaves.is Tron‘concentrations in
tﬁéfﬁlanté grdﬁnﬂoﬁmthfeilowfFeWsoiliﬁerevgenerallyzhigher;than those
fohn@ﬂiﬁiﬁe'deficientﬂpléntaagrown‘on,othervlow;Fejsoilsm(85i4). As
expected, -Fe‘and ‘P contents :decreased /as:dry weéights-decreased.

Dry matter .ylelds-remained ‘unchanged for .CK60 when :grown on the
nondeficient soil:compared:to:the low :Fe:soil., : Both Fe and :P concen-
trations and ‘contents ‘were about i2-fold-higher-in:plants grown on the
‘nondeficient soil, but more than adequate‘Fgrwas:available'for CK60
growth‘on'the low Fe-soil. On :the other hand, KS35 dry matter yields
4ncreased about 3-fold:when grown on nondeficient=soil,compared‘ﬁo the
low Fe ‘soil. Leaf concentrations:‘of Fe-and P werelower in KS35. plants
‘grown:on the low Fe soil than-plants:grown: on the: nondeficient soil,
but ‘not~much-different from the changes noted for CK60 grown on the
same -soils:

RS610  and RS626 grown on the low Fe soil with-added Fe had higher
Fe'concentrations in their'léaves than-plants. grown on the same.soil
without added Fe. Ironrdeficiency was overcome. and dry matter:yields
increased 2-fold in RS610 from the added Fe, but:added Fe had.no effect
on~RS626. fWhgn*grown on the nondeficient” soil, these.inbreds had higher
Fe'concentrations andicontents:and-higher dry matter yieids&then‘when grown
on: the*low Fe soil’ (with-or without:added:Fe)

N
Vil

‘“The ‘corn ‘genotypeiysl/ys1-had-higher:Fe+and.P concentrations, than

WF9:hent&rown on-the:low:Fe:soll.:but dry mattersyields:of ysj/ysy were
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\5.,times, lower, than those of WF9.  Added Fe to the low Fe soil improved
:¥81/y81. .growth significantly but:had no, effect on WF9 growth, .Moderately
severe:Fe deficiency. was noted for ys;/ys; grown on the supposedly non-
deficient 8oil. ‘The :corn .genotype y8;/y8] .utilizes Fe very poorly even
in soils where many plants grow normally without Fe .deficiency.
Conclusion: Large differences were noted for sorghum lines when grown
on Valentine (low P) soil. When these lines were grown on a nondeficient
soil, growth, P concentrations, and P céntents were markedly higher.

This indicated that most of the sorghum lines had the potential to grow
well if nutritional conditions are proper. Phosphorus concentration
alone was not a good criteria to screen sorghum plants for P efficiency.
The identification of superior lines for P nutrition appears feasible
using this soil. More recent experiments, however, indicate that this
soil may not be desirable for P screening studies. Problems of water
retention and movement and seed germination aﬁpear,and these are of major
concern.

Differences among sorghum lines for Fe nutrition when plants are
growvn on the low Fe soil were not as great as those noted for other low
Fe soils (8,14). Iron concentrations in upper or all leaves alone were
not good parameters or criteria to differentiate plant responses for Fe,
Phosphorus concentrations also appear to be important in the Fe status
of plants. Other soils or induced Fe deficilency conditions deserve
checking and'evaluation.

Growth (dry matter yields) and mineral deficiency symptoms appear
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:,)

to:Be among the better ctiteria forqscreening differences in plante

'for P and ‘Fe' nutrition in soile. ' Mor'e pronounced differencea among
:lines would be deaired. Other parameters and" criteria to evaluace

plants forﬁF!*andewneed;1nvestigation»in ‘order-to obtain more :accurate

screening ‘results, :
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“THE EFFECTS or 'LODGING ON ° YIELD, rnornm.

St ,"J r’ ;:
’ L

AND TEST WEIGHT OF GRAIN SORGHUM
+Jeffrey C. Larson and Jerry W. Maranville

A previous experiment conducted in 1973 (2) indicated that
lodging can markedly reduce yields and alter protein concentrations
and test weights. The effect was also shown to be greater by stalk
breakage in comparison to root lodging and was more severe the earlier
the lodging occurred. It has been demonstrated that lodging decreases
yields in many of the small grain crops (1, 3, 5, 6, 8), and in the
cade of winter wheat, the earlier lodging was most detrimental to yield (8).
A reduction in total protein production for this crop was shown by Laude
and Pauli (3). Pendleton (6) reported that the earlier and the more
severe the lodging, thellower the yleld and test weight for oats.
Similar alterations were noted in barley (1). These alterations due
to lodging are of economic importance. The following experiments con-
ducted in 1974 and 1975 were to confirm the effects demonstrated earlier
in grain sorghum.

MATERIALS AND METHODS

Field experiments were conducted in 1974 and 1975 at the State
Experiment Station at Mead, Nebraska. Two grain sorghum hybrids were
-used. RS 626, a médium-maturity, and RS 671, a medium late maturity
‘hybrid were planted in a randomized split plot design with four
‘replications. Each plot was of four rows, 4.5 m in length, at a
xpdpulatiop&thinned to 250,000 plants per hectare. The experiment

consisted -of a check:and 6 treatments.which included: root -lodging
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45: degrees atvheading, early dough, and hard‘dough, and stalk break of

ER A LPERE) VI WA

the peduncle at heéding, early dough, and herd dough. Weeds were con-
trolled with .9 kg atrazine and 2 7 kg ramrod ;s} acre., One cultivation
was necessary ‘at'the preboot’stage to help control weeds. The experi-
ments were sprinkler irrigated once at the preboot stsge and later at
‘heading. The root 1odged ploru were artificially lodged using an iron
rod‘the length of the plot. Lodged plants were held in place with twine
running between stakes placed at both ends and the middle of each TOW
'of treatment. Four rows were lodged in all treatmente, and Im  of the
two center rows were harvested for yield. |

Protein was determined by the method described by Udy (7) as modified
by Maranville (4) for grain sorghum. Test weights were obtained by

stendard elevator procedure using a calibrated known volume container.

Yields were adjusted to a 142 moisture basis.

RESULTS AND DISCUSSION

‘Data for combined lodging treatments for 1974 and 1975 generally
‘showed’a“reduction in grain yield to occur and the reduction tended to
be greatest for the earliest treatments. The lowest yield was observed
for the stalk break at heading treatment which showed a yield reduction
of 1952.4 kilograms per hectare from that of the control (Table 1).

There was a highly significant-treatment x year interaction with
reepect-to‘yield;~which‘indicatedﬁthat*thextreatments did not always
produce the same-effect each: year. ' Varieties, however, reacted similarly
to ‘tredtments each year.As shown in-Table 1, the lodging type-and the
-timE*htLWhich'it:oceurrEdwwerefimbortantif The .trend was.toward decreased

%jie1d ‘for the-éarliér and more-severe (stalk:break). tredtments;. although
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Table 1. Effect of various lodging treatments on two grain sorghum hybrids
: " over two years to’ yield, test weight, percent‘protein and’ total

_protein.
kg/hl kg/ha
kg/ha Test Percent Total
Treatment Yield Weight Protein Protein

1. control 6233.7 al 70.4 b 10.0 ab 625.0 b
2. 45° @ heading 5310.8 b 69.2 ab 10.1 ab 573.4 ¢
3. 45° @ soft dough 5423.8 b 68.8 a 10.3 b 551.9 ¢
4, 45° @ hard dough 6183.4 a 69.2 ab 10.2 b 633.5 b
5. S.B. @ heading 4281.3 ¢ 68.5 a 10.2 b 436.3 d
6. S.B. @ soft dough 5474.1 b 69.0 ab 10.2 b 560.6 a ¢
7. S.B. @ hard dough 6164.6 a 70.6 p 9.8 a 603.7 ab

IMeans followed by the same letter are not significantly different at the
5% level according to Duncan's Multiple Range Test.

this was not always the case. Results obtained in 1973 (2) indicated that
the type of lodging was the predominate factor in yield reduction. The
present experiments, however, would imply that the time of lodging was the most
important factor although both were important in all cases. The hard dough
treatments for the stalk break and root lodging showed no decrease in yield
. from the control. This indicated that if lodging occurred close to physio-
logical maturity there would be little or no yield reduction occurring other
than perhaps harvesting loss.

There was little difference noted in percent protein among treatments.
The lowest was 9.8% for the stalk break at hard dough (Table 1). This was
in contrast to 1973 wﬁere the percent protein tended to be significantly
higher with lower yielding treatments. There was a trend for most lodging
trea;ments in 1974 and 1975 to have a higher percent protein, but it wasn't
significant. Perhaps cliﬁatic conditions affecting the plant after lodging

caused the treatments to perform differently each year with respect to
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5protein concentration and the subsequent treatfent x”protein interaction.

‘, "»!,,x

Total protein reflects a combination of yield and'percent protein.
“The yield ‘affécted ‘the results more" than"the- concentratiou of -protein

tsince the highest’ yielding plots also hadvthe highest total protein

A(Table 1) 'The?control, root lodging and stalk break at hard ‘dough treat-
ments had the higheet values for total protein with 625 0, 633 5, and
603.7 kilogtapa per heotore,_reepectively., The loyoot qu "obtained with
the stalk bréolé at heading which yielded 436.3 kilograms per hectare.
‘Iﬁése trettqéﬁts were éléo the highest and lowest respectively for grain
yie@@‘and_agreos‘with results found in 1973 (2) whore the total protein
wos chiofly avtefiection of grain yield.

The test weight was reduced significantly in the lodging treatments

- from-the control. The control and stalk break at hard dough had the

highest test weights at 70.4 and 70.6 kilograms per hectoliter and shown
in Table 1. These were significantly higher than the stalk break at
heading and root lodging at soft dough. This again was similar. to the
results found in 1973 (2) where.the lodging treatments caused significant
‘test weight reductions.,.

- The hybrids: were significantly different with respect to test weight
and protein concentration but not yield (Table 2). The difference in the
‘" protein concentration was.reflected in the total protein which was higher

* ‘for RS 671, -
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Table 2. Yield, test weight, percent. protein and total protein of two
grain sorghum hybrids ‘over lodging treatments for two years.

kg/Ha kg/h1 Percent . Kg/ha

Hybrid Yield Test wt. Protein  Total protein
RS 626 . 5587.7 at 71.5 a 9.6 b . 'S54L.7 b
‘RS 671 5573.9 a 67.3 b = 10.6 a '586.4 a

’ 1Méané followed by the same letter are not significantly different at the
5% level according to Duncan's Multiple Range Test.
SUMMARY AND CONCLUSION

These experiments confirmed those of the 1973 experiment in that
lodging decreased yield, test weight and total protein production in grain
sorghum, Protein concentration generally tended to increase which was
most likely due to the lower grain yleld. Yields tended to be lower with
earlier and increased severity of lodging. The lowest yleld was found
with the stalk break at heading treatment which had a 31.3% reduction
from the control. The percent protein values for the low yielding treatments
tended to be higher than the control, but the differences were not signi-
ficant as they were in 1973. The test weights were reduced by lodging
treatments and may be the primary reason for the grain yield reductions.
Apparently, photosynthesis and/or translocation are severely impaired due
to lodging. This has been suggested previously (3). Total protein pro-
duction was generally a reflection of grain yield rather than protein

concentration of the grain.
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EFFECT OF HIGH TEMPERATURE ON. PHOTOSYNTHESIS RATE

0F$SORGHUM AND CORN GENOTYPESm 3

, .

| ’ 'Norma:Vi Rorcio and C. Y.-éullivan
H%t C ihishreport is a’continuation of the’study relating to temperature
il o att and R o ey, AN
effects on‘phot;synthesis in sorghum and ~corn genotypes (I)Xéuln thisﬂ
study four sorghum genotypes, RS 626, RS 691 9040 and Redlan and?two

corn genotypes, Nl42 and N7A were included. Photosynthesis and respira-

tion rates were measured at panicle initiation and flowering stages and

»’a.‘»,.’ DRI

at two temperature levels, 40 and 43 C using the oxygen evolution technique.

PR SR

Table 1 shows the ANOVA for the effect of temperature on the photo—

synthesis rate of the different entries at two temperature levels and
’;twtwovstages of growth. Average values for photosynthesis rate at 40 c
for,all genotypes were 54 79 and 60 O,umoles 02 evolved/dmzlhr, while at
43 c they were 54 72 and'l; 08'pmoles 02 evolved/dmz/hr for paniclek
initiation and flowering stages, respectively. These values‘were all

RN

highly significant when compared to the L.S D.( 01) temp x stage) of

3.85.pmoles 0y evolved/dmz/hr.
At 40 C small variations (insignificant) in photosynthesis rates

Were observed between the different entries at panicle initiation stage.

ri DL e b

The different entries nearly maintained their rates up to flowering except

for RS 691. The value at 40 C reported tor RS 691 (33 14,mmoles/dm2/hr)

was unreasonably low compared to the value at 43 C (49 81‘pmoles/dm2/hr)

.w(g EA PRa : ks S 1‘ w2
at the same stage so that some mechanical error may have affected its
RPN AL PSR e e LA e aiPovg ks 2 lag ‘J

reading, although the oxygen electrode was checked and calibrated daily.
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At 43 C there was an\abrupt decline in the photosynthesis rate of

RS 626 and Redlan at flowering stage, hile 9040 and RS 691 maintained

Iy ~ - 1 i jr.-\

an"ppreciably higher rate compared to the corn lines. There was a higher

}}. ; SO RE . gx;:. .

photosynthesis rate at panicle initiation than at flowering stage both
e 1»§ R . ~,,

at 40 and 43 C. The eensitivity of the flowering stage to the higher

B

tenperature used (43 C) was shown clearly as it affected RS 626 and Redlan

(Figures 1 and 2)
The ability to maintain a higher photosynthetic rate at these two

BERDARES
Fhowa e ral oo

growth stages when expossd to high temperature stress is inmortant in the

R

growth and development of the plant. Sorghum lines which are able to

.‘Q’

photosynthesize at an appreciable rate when subjected to this stress will

5
..w.. -,. PO v? s

be favorable in selecting for parent materials in a breeding program geared

TP

towards varietal improvement under environmental etress.

e |

As reported previously, the respiration rate at 43 C was higher than

s bl BTy

‘that at 40 ¢ (Figure 3). {T'ihxyhv' o

A Figure 4 shows the relationship between photosynthesis rate and heat
tolerance of one of the sorghum entries (hybrid) RS 691 and 1ts’ parents,
,kao snd Redlan. Although this was an average of a few observations. a
éséléiJe trend in thefrelationship between these two'parameters 18 notice-

‘ f"x, !:

able. The same relationship exists both at 40 and 43 C.' This in effect

proves the effectiveness of the leaf conductivity test as a tool in selecting

lines which are more heat tolerant from a large amount of breeding material.
L

Specific photosynthetic measurements can then be made on the narrowed

se ections.'
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Theaefresulte ehow eome genotypic differences in photosynthesis rate

i ’\f; t

as affected yf%tages

L

;s \”“ering stage exhibited

a lower photoeyntheeie rete compared to panicle initiation. Some genotypes

e

showedwa highly sensitive reeponee to elevated temperaturee at the flowering
etage as compared ‘to that at the ‘panicle initiation’ ‘stage, while-others

were capable of maintaining their photosynthesis rate under perioda of high
IR ¥4 .

tempereture stress.
LITERATURE CITED

(1) Norcio, Norma V. and C. Y. Sullivan., 1975. Effect of high temperature
on: the rate of photosynthesis and respiration of some soxghum and
corn genotypes. The Physiology of Yield and Management of Sorghum
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Analysis of Variance table for the effect of témpéfﬁ‘t’:"ﬁre’
on; ;photosynthesis rate of sorghum and corn genotypes at
two temperature levels and two stages of growth. s

‘§ource’ of Variance DF Mean Squates:-
e eA oy m—— —— ; R I T
septeation A
Variety (Var) o 5“‘ 998 éi**
Temperature (Temp) 1 5578 30**n+
Var x Temp °5 2084 . 14%%
Stege 1 12120, 5w
¢ % Stage” 5 1211, 83w
Temp x‘Stage 1 ?29;4394**
Var x Temp x Stage 5 i535;93**
‘Error 69 230.82
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' STOMATAL AND'NON-STOMATAL® INHIBITION- OF.:PHOTOSYNTHESIS. |
AT:HIGH TEMPERATURES IN SORGHUM .-

‘Nl Vo 'NorCio and' c. Y. Sullivan

The closure of stomates hcs been claimed to reduce photosynthesis
by inhibiting the supply Of 002. Mederski, et al. (1975) reported that
stomatal regulation of 002 diffusion in the leaf decreased with increased
leaf water deficits. However, when air was forced through the leaf,
the rate of asaimilation was not inhibited by an increasing leaf water
deficit. They concluded that the inhibition of net carbon exchange
with increasing leaf water deficit was due to an increase in diffusive
resistance to gas exchange and not a change in mesophyll resistance.

Heichel and Musgrave (1970) studied the relationship between
photosynthesis and moisture stress in corn under field conditions. They
found a significant correlation between these two factors. Also, they
found three different patterns in the photosynthesis rate of corn lines
as affecced by drcught, namely; a) photosynthesis declined with leaf
wptgr,pgpential but without apparent stomatal control, (b) photosynthesis
ceclipec‘wi;h leaf water potential and stomatal conductivity, aud (c)
phc;q?yq;hes;e geclined with stomatal conductivity but responded little
tc{decregged 1eaf water potential.

Boyer and Bowen (1970) showed a parallel reduction in coz between
ﬁ,sunflower chloroplaats and intact plants having low leaf water potentials.
ghegﬂggggibuted_chia to a gecreese.in chlotoplast activity as the

photosynthetic electron transport system was affected.



El shsrkawy, et sl. (1964) reported that lesf net photosynthetic
rdtes. werekdepreséedfbyshighwwater‘deficitsasnd highﬂtemperstures in
some species. Theyfe1809c1simed@thststemperaturetOptims'for species
with high photosynthesis:rates,'es:inssorghum'were higher than in
’ species with lower photosynthetic rates. as in cotton. Maximum net
photosynthesis was found in sorghum to occur st tem;;rstures of 30-45 C.
Downton and Slatyer (1972) found lower temperature regimes of 25/20 C
:'dey-night temprature to be maximum for cotton. Also ribulose di-P
/ carboxylase activity was highest at this temperature combination.
- Studies have shown that water deficits, as well as high temperature,
affects net photosynthesis.’ This could be expressed through desiccation
or high temperature effects st the photochemicsl level, or by decreased
difﬁnﬂmity fromstomstal closure, or a combination of these effects.
This study was conducted to determine the effect of high temperature
4 only on the photosynthetic mechanism of sorghum.
” 'MATERTALS AND METHODS

In order to study the biophysical and biochemicsl effects of high
-tempersture on photosynthesis of sorghum plants, two systems were
employed. The first system measured photosynthesis by oxygen ‘evolution
| of chloroplssts in vivo thereby eliminating the physical resistance
offered by the stomats snd the boundery 1ayer. Oxygen vas measured
polarogrsphically by a Clsrk oxygen electrode end & Beckman Field
VAnslyzer. The output wss recorded on a Speedomsx H. Recorder. A leaf
”section (4. 0 X 8 0 cm) vas immersed in a sodium csrbonste ‘and sodium

;lu

bicsrbonete buffer solution (Umbreit, et el. \1964). ‘This ‘sotifce of
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high €Oy partial presaure which gave a COy concentration of 5,000 ppm,

L4 g .
T & W Sl it T B S F O Y T aenn i i

promoted stomatal cloaure, and favored cuticular diffusion of'coz into

ST A0 Levrorte y
ER P SN s -

the leaf.th o
The other system employed the use of an infre;red gaa analyzer for
»measuring net COZ exchange of intact leaves. With this aystem, the air
coming from the mixing tank was divided equally. One half was passed
through a humidifier and a flow meter before it entered the leaf chamber.
Then it passed into the reference cell of the analyrer. The other half
of the air from the mixing tank was passed thru a flowmeter and a drier
and into the sample cell of the analyzer. The differential in the COj
concentration between the leaf chamber air and the mixing tank was
recorded by a Speedomax H recorder. Net photosynthesis was expressed
in mg COp/dm2/hr.

Temperature control in both systems was maintained by immersing
the leaf chamber in a thermostated water bath. A thermocouple was placed
on the abaxial surfaee of the leaf and read no more than one degree
higher than the water bath. A conditiohing period of 10 minutes was
allowed for each leaf section to equilibrate to water bath temperature.
Another 15 minutes was utilized for either photosynthesis or respiration
measurement. On the average, it took from 30-45 minutes to finish one
leaf section from the time it was cut and mounted in the leaf chamber

“until it was,reglaoed by a fresh sample.

. Light intensity was provided by twod300-watt Sylvania floodlights
with a maximum intensity of ?Ooigglmz/ggq. Half and quarter of this
11ght . intensity. was, inposed by using 3 and 5 layers, r.emsﬁ#‘?—}?é of

cheesecloth between the leaf chamber and the light source.
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Due to wettness of the leaf surface, the status of stomatal conductance

ST crn s _: . e n g
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was. determined by an Alvim Porometer immediately upon removal of'the

W'leaf from the chamber. A diffusion porometer was unsuitable for this
iﬁxugeT';Briefly, the porosity of the.ieaf was determined by imposing
“,’83 mm;Hg pressure on thetiesf and recording the reduction in ' pressure
: in 30 seconds./ Leaf conductance was expressed in cc/cm /sec.

‘w:L

The genotypes used in this experiment included two ‘sorghum hybrids

and their parental lines namely:

ﬁyhrid“x ' Parents
RS 626 CK 60, TX 414
RS 691 Redian, 9040

B éeeds“were planted’in pots and were grown 1n the greenhouse at a
temperature of 30/22 C day-night temperature up to fiowering stage. They
Qéré transterred to grOWth chambers for conditioning at 27/22 C day-night
temperature and then half were transferred to another chamber for heat
treatment at 44/22 C for 24 hours. Photosynthesis measurements were done
at three temperature levels and at three light levels after the preheat

| treatment.
RESULTS AND DISCUSSION
| a)J:Non-stomatai inhihition'(Oxygen evolution technique)
Table 1 shows the ANOVA for the effect of heat treatment on photo-
synthesis of six sorghum genotypes using the oxygen electrode. ' ‘There
lééie no significsnt differences between the heat treated and the control

plants.: 0n the average, photosynthesis rates ‘'of the control plants were

e L T A A T S T B I vt . -
higher at 40 and 43 C, however, at 46 C 'the*average:photosynthesis of
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%Hé”fféﬁfédfﬁlhht31mhintéiueahhtﬁanditlyaconhtantwrhte;%whileqthem=
control plants declined abruptly (Figure 1).iﬂThis%iﬁdiéatesfthatmthe‘
photochemical ‘apparatus ‘of “the ‘trédted~plants ‘déquired somerhardening
or wasimore resistant to- thermal inactivation ‘than:the controls.:. -

Thé ‘response of ‘the different :genotypes to high temperature can be
gleaned ‘from’ Figure 2. -Among the hybrids used, RS 626 had a higher
photosynthesis rate than RS 691 at the three temperatures used. The
‘parent ‘lines on :the other hand, had lower rates except for 9040 which
had an increased rate at 46 C. It should be noted that the photosynthesis
rate of the hybrids followed the trend of one of the parent lines. Also
that some hybrid vigor is expressed in the photosynthesis rates.

Genotype differences in photosynthesis rates, as light intemsity
was decreased, were highly significant. The decrease was more significant
from full light to half light than from half light to 1/4 light (Figure 3).
Except for Redlan, there was a parallel decrease in photosynthesis rate
for all genotypes as light decreased.

b) Including Stomatal Inhibition (Gas exchange technique)

The ANOVA for the effect of heat treatment on photosynthesis rate
of six sorghum genotypes using the infra-red gas analyzer is shown in
Table 2. The control plants had a higher photosynthetic rate compared
to'the treated and this difference was highly significant at 40 and 43 C but
' not at 46 C.' The co, diffusion was inhibited: in treated plants as shown
by :the' lower: rates. The 'stomates were apparently sensitive to: the high
temperature: treatment, The-highest temperature:treatment. (46 C).-induced

further stomatal ‘closure'in the: treated- plants-and: photosynthesis: declined
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7;3i§§£1i;“bﬁt”thef53W§3£§58¥§§§Qﬁéd§¢1i§§3§93ﬁhéi@Qﬁ??@;?ﬁ!é&gﬁ#lﬁato‘the
ﬁg&iﬁgﬁtﬁ437¢G(Figﬁteﬁﬁ); | | | |
ﬁéiﬁﬁiﬁﬂhong;therhybridagatpdigd;uRSﬁ691ahadxa¢higheqgphotgqu;hgqis¢:ate
than:RS'626:atuthewthreeftempératurespatudied};fOn;the{avgrage,”the
‘hybtids ‘had higher rates :than;the:parental lines,.excgnpﬁiotugbdo.
Agaiﬁstheécontributionébfuone;ofgthe parents to the hybrid is very
aeminentu(Figureg§).

TAB$1n£the«oxygenaevolucion experiment, the response of the different

genotypes-to-decreasing:light. intensity was observed.(Figure 6).
. ¢)rLeaf Conductance-:

-Table:3+shows:the ANOVA for leaf-conductance of six sorghum, genotypes
:which.were.subjected.to heat treatment. The preheat treatment affected
.the~stomatal conductance of the.plants particularly when subsequently
wexposed ' to 43 and-46:C (Figure 7) during the photosynthesis:measurements.

-y «Figure 8 .compares the: average leaf conductances.of the preheat
treated and control plants of the. different genotypes after photosynthesis
measurements at:40; 43.and.46 .C. The stomates of:9040 were the most
~sensitive. to the preheat treatment followed by RS-691, TX 414, RS 626,
:Redlan and- the. least:affected was:CK60. .This decrease in stomatal con-
:ductance-did: not:affect: the.photosynthesis rate of 9040 and RS.691.

sw wIn: the. hybrid: RS §915stheyde§reaged:photosynthesis«rate from 43 C
%tOV46;Ciéould?bevexplainedfby«decreasedaleaf,cpnductance liniting.COy
idifquidnwintoathefmesopbyll.¢xRedlan,:however, did. not. increase at 46 C
?eved?fhbughﬁtheyapthtesgpagtiallyquened;y Measurements, of, oxygen. evolution

vdid:showran:increased:rate; at:46:C oyér@;haggat¢&3;0ugwaw¢ KIS SRR
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When comparing high temperature effects on the hybrids and their
parents, with hybrid RS 626, it was only TX 414 whose photosynthesis
rate was affected by the stomatal conductance. The other parent as well

as the other hybrid were more affected at the chloroplast level. .

SUMMARY

’.‘:

These results show that temperature affects both the stomatal and

f sorghum 1eaves and that the two may interact.

i

Plants that were preheat treated showed thermal stability at the chloroplast

photochemicar apparatu

level in the high temperature range that was used in the measurements.
Some of the entries, however, were affected by the heat treatment at the
stomatal level as shown by the lower leaf conductance thus exhibiting .
lower photosjnthesis rate as measured by the gas exchange technique.

Both hybrids exhibited hybrid vigor in photoshynthesis rate and

followed thevresponseﬁof one of the parent lines.
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‘_;AEffect ot heat treatment on=photosynthesis rate of six sorghum genotypes.-
’;’%f‘.using the oxygen electrode.;?: :

Y %4 e

e Error b

Sourcé of “Variance DF Mean :Squares
' Heat treatment (8T) 1 *  96.8078
Terperature (Temp) 2 1 9018, 38%*
HT x Temp "j 2. 7 7636.60%*
Variety (Var) ¥ 5. 2988.92%*
‘HT x Variety - _ 5 624.3908
Temperature x Variety 10 897, 75%%
HT x Terp X Var - * 10 646,728
. Error a - } 72. 358.05
Light 2 87773.41%%
HT x Light 2 23,1418
" Temp x Light ] 4 677.48%%
~ HT x Temp x Light 3 1157.01%%
Variety x Light 10 957.86%%
HT x Var x Light - 10 282, 37%%
. Temp x Var x Light 20 248.69%%
" HI'x Temp x Var x Lignt: 20 245,83%%
. .84.28

9L
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‘ijFigure 1.—»Effect of temperature on photosynthesis rate of sik

sorghum ‘genotypes as measured by the oxygen
electrode
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Figure .2..  Effect of temperature on photosynthesis rate
of :sorghum hybrids and lines as measured by the

oxygen electrode.

(Combined’ means, of heat treated

and untreated plants)
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Figure 3. .Effect of varying light intensity on photo-
. synthesis rate of sorghum hybrids. and - -parént-
lines as measured by the oxygen electrode.
(Combined means of heat treated and untreated
plants)




using the IRGA.

: ’fl"éble 2. Effect of heat treatment on photosynthesis rate of six s

orghum genotypes

Error b

ANOVA
Source of Variance DF Mean Squares
Heat Treatment (HT) 1 1134, 42%*
Temperature (Temp) 2 2517 .09%*
ET x Temp o 2 171.47%%
- Variety (Var) 5 369.87%*
HT x Var ' 5 32,.45%%
Temp x Var . 10, 71.00%*
HT x Temp x Var 10 12,.36%%
Error a : 72 2.92
Light N 2. 2226.11%*
HT x Light == 2 - 246,28%x
Temp x Light 4 557.76*%
HT x Temp X Light 4 60.74%*
Var x Light 10 85.17%%
HT x Var x Light 10 7.69%%
Temp x Var x Light 20 20,45%%
HT x Temp x Var x Light 20 4.7708
’ 144 2:79

08
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:Figure 4 . Effect of temperature on photosynthesis rate of six-

sorghum genotypes as measured by the IRGA.
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Table 3. Effect of heat treatment on the leaf conductance of six sorghum
genotypes using-the Alvim Porometer.

ANOVA

Source of. Variance DF Mean Squares
Heat Treatment (HT) 1 7.79%%
Temperature (Temp) 2 2,34%%
HT x:Temp 2 7.82%%
Variety (Var) 5 6.21%*
HT x Var 5 0.66%*%
Temp x Var 10 0.57%%
HT x Temp x Var 10 1.49%%

%8
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Figure 7. Values for conductance as measured with a

pressure porometer at varying leaf temperatures.,
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. STUDIES,OF NITRATE, REDUCTASE ACTIVITY
/IN SORGHUM IN RELATION TO HEAT STRESS

Jerry W. Maranville and C. Y. Sullivan

Resistance of plan;g.gqyirreye;aible injury from high temperature
stress,is often assoclated with stabilization of protoplasmic proteins
.(1, 2). Enzymes are known to "heat harden" i.e. activity not decreasing
appreciably at high temperatures after whole plants are exposed to high
but. sub-lethal temperatures prior to the enzyme test, Several researchers
studying.a.variety of enzymes such as urease (3), ATP-ase ),
phosphgtaae (5), melic dehydrogenase (6) and others have shown this
effect.. Much of the thinking generally centers around the ability of
proteins to make the necessary adaptation of the level of their con-
formational flexibility of the macromolecule (2). The level of cell
thermostability is characteristic of a given plant specles which in turn
is likely dependent on its origin. Plants evolved or growing in high
‘temperature climates are most likely more thermophilic. Closely related
species living under considerably different temperature conditions possess
different cell thermostabilities (2). Differences in thermostability within
the same species are also evident as well as the ability to heat harden (8).
The exact magnitude that enzyme stability lends to overall heat resistance
is not known, but most likely varies with genotype. Pal, et al. (9) have
suggested that rate of loss of nitrate reductase activity may be a measure-
ment useful in screening corn genotypes for heat tolerance.

The following experiment was designed to determine the relationship



88

of nitrate reductase activity to ovérall’performance’of grain sorghum
'sdﬁﬁéﬁfédﬁtoAhigﬁxgéggéfgéﬁrég.zﬁﬁﬁéﬁgf'Eﬁéé%riﬁﬁgb}ﬁﬁjectivés was to
_eVéidéfé this enéﬁﬁéjééfivigyﬁhéﬁéuféﬁéﬁfﬁfﬁf'p&f&ﬁffﬁl use invaeiecting
‘sorghum genotypes which possess heat resistance.
" MATERTALS AND 'METHODS
“Initial experiments weré condicted in order ‘to-determine’at’what

“temperature our tests of enzyme activity could ‘be conducted for'evaluating
'and ‘determining geno*ypic differences with some ‘certainty. -Hybrid RS 671
was selected as the genotype to be used as'a control sincé-we have de-
termined this hybrid to be moderately heat stress susceptible in our
laboratory. Nitrate reductase activity was detérmined in vitro using

the nickel chloride extraction and abéayfprOcedute (7). Seedlings were
growvn in vermiculite trays in a growth chamber set on 14 hr days and
constant 24 C temperature to insiire no or only slight heat hardening

‘had occurred in the leaf material. Seedlings were harvested 10 days
‘after planting and assays performed in water baths set at 25 C, 30 C, 35 C,
40 C, and 45 C on fresh leaf extracts. The results (Figure 1) showed

40 C"to be the value where most, but not' all, of the activity was lost

and ‘Was thus ‘selected ds the temperature to perform the assays. All

‘tésts were compared to a 30 C control group and the results were reported

K

‘Eélﬁerdihtaéébﬂof control,’
Genotype comparisons were made on selected materials preliminarily
dﬁ&fﬁéﬁé&’for heat (drought) resistance and rated according to their per-

formance.
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"T”ame» 1 :*saaaa the 75geﬁ6type's*~ uded ‘and ‘their ratings as to apparent

"resiatant to heat stress.

‘Table 1.,._
: Drought
R . 1R=sistance
Geriotype - Rating
‘RS- 671 Moderate
- M-35 High
Shallu Low
Dwarf Milo Moderate
Tx 414 Moderate
9040 High
Exp. 4104 (M-35 selection) High:

Exp. 4184 (M-35 selection) Moderate

fd P
Three replications of each géhotype were grown by preparing 24 pots

for each of two growth chambers with a mixture of peat: vermiculite. sand

(1:1:1). Light (heat) was supplied by 6 each 400 watt metal halide and

400 watt high pressure sodium bulbs per chamber producing about 800 uEMzsec -1

intensity at the top of the pots (109 cm from source). Day/night ‘temper=-

‘atures were 30/25 C in one chamber and 40/25 C in the other at a relative

6.

humidity of about 65% day and 85% night. A similar number‘of pots were

prepared and placed in a third chamber having conditions similar to the

X

30/25 c regime chamber previoualy described except that light was supplied

ﬁby 12 metal

SR

;;“ Day 1ength in a11 chambers waa‘14 he. Excess

""" Ve ~J<< TREICE msiMhu :

seeds were planted 1a'3 pots ‘each of the genotypes (Table 1) with each

pot being considered a replication.hb

‘For the first experiment, the exceas plants were harvested 18 days

Y
A R RrE

,Qifter planting for determination of nitrate reductase activity. Four
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plants”remainini

ALY a3 “x ¥y 1:5\@&

*per pot were uaed to: determine*plant height, - tiumbéx”

R VA3 ¥

T Heas

S & leaves, andftotal dry matter accumulation -at 21 and 40 days after
...seeding.

The segpnd'experiment'tpneisted of measurements to distinguish
heat hardening characters expressed by the genotypes. Heat tolétafice
naa“determined on two-repiieatidns of plantaégronn 25'daya'in‘a“36/25 c
day night chamber by the conductivity method (10)., Simultaneous nitrate
reductase aesaya were conducted on the same two replicationa. Plants

were. then hardened by elevating the chamber temperature to 40/25 C
day/night for 6 daya. At this time the cellular”heat tolerance and
nitrate reductaée tests were repeated.
RESULTS AND DISCUSSION

Table 2 shows the results of the first experiment. In general the
plants _grown at 40 C did not appear to have as stable of nitrate reductase
enzyme as, those grown at 30 C. When the assay temperature was performed
-at 40 C, there was a 54.3% reduction in activity from the 30 C assay
(control) for the plante grown at the higher temperature while oniy a
4%.Oz_redpction.for'the lower temperature growth group. Thisﬂcomparison
qapparently%refiects,the growth differences observed. Average dryﬁgatter
production for the 30 C.group after 21 daya(frqm)pigntinngaarl.angn/plant
while only 0.17 gm/plant was produced in the 40 C group. The entire plant
-growth system including enzymes was apparently hindered when the complete
grgqiggieygiqurgn%planting to the normal 8 or 9-1eaf stage waa.subjected
\to high. ,temperatures, Nitrate reductase activity did not appear to

reflect:the original ranking with regard to possible heat or drought



.Tehieﬁz;‘ggitrate reductase .activity.as percent, reduction; at thetﬁfgl

o elevated assay temperature for 8 sorghum genotypes grown
at’ v30/25 C; 40/25: C-day/night temperature regimes. . .Genotypes
are ranked according to average performance, :

e T

30c¢c iy 40 C.

o ‘Growth “Growth
-@enotype. ...  Rating Temp. . .. Temp.. ~— Ave.
Bt ool o0 e +.+ % Reduction. - S AN
,Ix 414 Moderate 36.8 35.2 36.0
"RS' 671 “'Moderate 491 . ¢ 302 1 43,2
Dwarf, Milo rModerate 48.9 39.6 44.3
90400 “High : - 36.2 - 612 -48.7
Exp, 4184 A Moderate 35.0 65.1 50.1
Shallu "Low - - 46.0 - - 59¢5+ © 52,8
Exp. 4104 High 54.6 64.8 59.7

M35 “High -69.1 71,9 7045

esiatance. However, the growth observed ‘(DM production) did not reflect
“the 6?%&2&&1'}hﬁﬁiﬁ£*eithéfl "It 18 possible that in some cases, the seedling
;erformance which was measured here, does not reflect the overall reaction
of the genotype to heat or drought. Rather, it is more an 4ndication of
“fﬁé‘ééé&'ﬁigdfgsﬁa“éééd performance of a given lot. Some seed lots
iﬁ%&&ﬁée“géod vigorous seedlirgs while others do not depending on the
}ggviggndéﬁééﬁﬁdertéhieh,they“ﬁereﬂproduCéd;' RS 671 for example ranked
%ﬁigﬁ”in?hotﬁ:ﬁitréte”reduet56efectiyityzetahility as well as growth.
E;ﬁ:ﬁZIOZ: on ‘the'other hand, ranked low in these measurements, but’

normally show good drought (heat) resistance during a dry’ géason; “Genotype

‘”35Jie in ‘a similar category, “but again ahowed only moderateﬁgrowth at

40 d and poorest enzyme stability. It was~interesting to note-that 'the
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growth of the top three genotypes (most DM~ produced) after 40 days were

also the top three genotypes with respect to enzyme stability to heat.
The ones having the least growth at 40 C generally had thenleast enzyme
stability although this relationship was not always exact.

The second experiment is summarized in Tablev3; Both tests sh§wéd
that hardenins had occurred in plants exposed to 6fda§a of 40?C temperature.
Nitrate reductase activity was reduced on the aveiage by bn1yv41.8 beicent
when the assay temperature was 40 C for the hardened group in comparison
to 60.5 percent for the control group. Similarly, the percent injury
for the hardened group by the conductivity test was only 6.0 percent in
comparison to 25.8 percent for the controls. Enzyme activity according
to original rank for heat resistance again did not particularly seem to
show a strong relationship., However, the conductivity- test seemed
inconclusive with respect to this point also. The genotype M-35 did per-
form according to its observed high heat and drought resistance in our
tests (Table 3), having the most stable nitrate reductase activity after
hardening and the least injury witﬁ the conductivity test. Shallu appeared
to be quite a hardy genotype according to the two 1aboratory tests, but
actually has performed very poorly in other tests including the field.

This points out that judgement of overall heat (drought) resistance usually
can't be made from limited tests. Factors such as root gystems, leaf
resistance to water diffusion, ability to become dormant and others play
important rolns in the overall reaction £o stress. Also, performance of
young plante may be different from that of older field grownipiaﬁts. More
testing and refinenent is apparently necessary.before the ritrate reductase
test could be used to subaﬁantiallxbgdé go.akéelection progrgm for héat and

drought resistance of sorghum.



'Taﬁle 3, Nitrate reductase activity as percent reduction at the elevated assay temperature and: percentaf
' - injury at 52 ' C for 15 min ancording to the conductivity test: for 8 sorghum genotype

E» = hardened . for 6 days in comparison to a 30/25 day/night control group. Genotypes ar : anﬁéd

Nk according to performance for average enzyme stability. _ v . e ‘g:

) ‘ Nitrate Reductase : . K E : Conductivity Test * SR

we - _ Contsxol Hardened B a ~ Control Hardened '~ Ave‘
Genotype ° Rating Group Group .= Ave. Group - Growp - -

C D =l Reduction R . Injury . -
Exp. 4184 Moderate 49.1 36.9  43.0 22,0 . - 4.5 13.3 .
Shallu: ° C Low 52.5 ' 40.5 : 46. 5: - . 387 " 345 21.1°
9040 = High 58.0 43.2. - - 50, 6 14.9 - 5.0 10.0
M35 - - High . : 64.9 36.9 ; . 50.9- . - 28.1 3:9 16.0 -
4104 . . High h 63.3 43.2 . . 53.3 26.3 8.3 17.3:
Tx 414 Moderate 69.0 _ 38.5 ,53 8 24.8 6.0 15.4 -
RS- 671 " Moderate 68.5 40.5 _ ‘54.5 - 42,8 12.0 27.4.
Dwarf ‘Milo Moderate 58.7 . 54.6 . 56.7: - 8.4 47 6.6 -

S ~ Ave 60.5 41.8 ' 25.8 6.0 _ |

6




1.,

2.

3.

4.

S

6.

7.

8.

9.

10.

95

LITERATURE CITED

Alexandrov, V. Y. 1964.. Cytophysical and cytophysiological investi-
gation of resistance of plant cells toward the action of high and
low temperature. Quart. Rev. Biol. 39:35-77.

Alexandrov, V. Y., A. G. Lomagin, and N. L. Feldman. 1970. The
responsive increase in thermostability of plant cells. Protplasma
69:417-458.

. Feldman, N. L. 1966. The increase of urease heat stability after

heat hardening of the leaves. Dokl. Akad. Nauk USSR 167:946-949,

.Feldman;aN.’le.1968. The effect of heat hardening on the heat

resistance of some enzymes from plant leaves. Planta 78:213-225.

Feldman, N. L., M. I. Lutova, and A. M. Shcherbakova. 1975.
Resistance of some proteins of pisum sativum L. leaves after heat
hardening to elevated temperature, proteolysis and shifts in pH.
J. Therm. Biol. 1:47-51.

Kinbacher, E. J., C. Y. Sullivan, and H. R, Knull 1967. Thermal
stabilitv of malic dehydrogenase from heat-hardened Phaseolus
aeutifoliur "Tepary Buff". Crop Sei. 7:148-151,

Maranville, J. W, 1970. Influence of nickel on the detection of
nitrate reductase activity in sorghum extracts. Plant Physiol.
45:591-593.

Ogunlela, V. B. 1974. A field study of the heat and drought toler-
.ance of grain sorghum [Sorghum bicolor (L.) Moench] as an approach
to genetic improvement. M.S. Thesis, Univer. of Nebr., Lincoln.

Pal, U. R., R. R. Johnson, and R. H, Hageman. 1975, Nitrate
reductase activity as a selection criterion for heat (drought)
tolerant and intolerant corn genotypes. Agron. Abstr. p. 74.

Sullivan, C. Y. 1972. Mechanisms of heat and dronght resistance
in grain sorghum and methods of measurement. In Sorghum in
Seventies. Oxford and IBH Publishing Co., New  Delhi. pp. 247-264.



96

CARYOPSIS DEVELOPMENT IN TWO SORGHUM

Todd B, Dickinson and Jetry 'D. Edstin’
INFRODUCTION

Grain.sorghum éagydpsiaudevglopmehﬁkhpévbégn investigated to a
rq;atiyély,lipitgd degree. Most data have been gathééed on a total
panicle Eabis-by periodically measuring total ‘grain dry matter
aqppmﬁidtion."ﬂqﬁéVer, bIOOQing ordinarily proceeds in sorghum over
; féur to seven d#§ pér1od at Lincolﬁ, Nebfaskg,’giving rise to various
maturity levels in the pgnigle at any one time. Little has been done
"oﬁﬁgféiﬁ deVeloﬁmehé in 'various parts of the panicle. Possibly, more
.detailed knowledge about the development of individual kernels or small
' ﬁéﬂihle sections would define the kernel growth curve better and be use-
ful .to physiologists and plant breedgrs in crop improﬁement efforts.
wE&rghgf,,COﬁparisons beﬁwggﬁ,the development of hybrids and lines could
be useful in explaining yield differences.
| Reséétch on,car&op?is dgvglopment, but on a full panicle basis has
. been done by Collier (2), Eastin (4), Gibson and Schertz (5) and Kersting
n,gﬁ.gié (7). Gibpdﬁﬂéhq_$6hg;£z (5) worked with RS 610 and its parents.
They found the hybrid to have more kernels than the female parent but
not the male parent. Also RS 610 was found to outweigh the parents on
a kernel weight basis. RS 610 had a two-day longer grain filling period

and ‘a faster rate of kernel growth. Collier's (2) data suggest greater
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. 1inearity.din the! growth curve: and: a-longer period.of; linear-growth in
-+RS: 610: over:at:-least:one parent.’ This: may partially explain why, hybrids

generally.outyields lines of the same general maturity,
MATERIALS AND METHODS

This experiment was conducted to follow caryopsis development of
- two grain sorghum hybrids and one grain sorghum line. The genotypes
used were -two open-pedigree hybrids: RS671 (Redlan x Tx4l5) and RS633
(Martin x.NB6250). The line used was Martin B.

A split-plot design with randomized blocks was used with eight
replications, . Whole plots were a factorial combination of different
panicle sections of the three genotypes. The split plots were 12
harvest dates randomly allocated within each whole plot. Individual
panicles tagged on the same bloom date (within a genotype) were the
experimental .units.

Each panicle was measured for total lemgth and a propdrtinate section
was cut by length from the panicle. Section one was the top quarter of
a panicle, section two the second quarter, section three the third quar-
ter, and section four was the bottom quarter. Panicle sections were
used to check for variation in grain fill characteristics rather than
- using a more.tedious. individual kernel approach. A whole panicle treat-
ment- was :labeled section five and was divided by.a_factor‘of four when
»ﬁnecess#ry«to'makegit;more<or less comparable to the other sections. A
,d%fferentﬂpanicle;was;uaed,for each section thereby permitting a good

- estimate of.exrror..:.
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¢Thé*é$§§i1méhtiwab planthdﬁinﬁaorinchliowavgfeftilizéd&wiﬁh%lOO 1bs.
Of'N “and-was ‘fﬁ’ir‘fdiv‘%~'ﬁt:l:§at’e’d€f‘ For’weed ‘controlsatrazine and: propachlor
were used an&3grééhbﬁ;s“werchontrbiléd“with?DihbihonuandZCygonvg Stand
counts at the end of the growing season ghowed RS671 to have a stand
of about 147,500 plants/ha (59 000 plan¥§/A) while RS633 and Martin B
‘had’ around 137,500 plants/ha (55,000 plants' /A)q: "

i :All'panicles in'each genotype were tagged on one day, at tip bloom.
Tip bloow ‘for ‘RS633 was August 1, and for RS671 and Martin:.was August 4.
Five days after tip bloom the first harvest was .taken and a subsequent
“harvest ‘every five days -thereafter until h;rvest date twelve. Harvests
'were therefore staggered with the equivalent harvests of RS671 and Martin
being three days behind RS633.

"Harvested panicles were sectioned and then oven dried to a-constant
weight at 100° C. Data collected were total dry weights of each section
and grain weight per hundred seeds. All éections:were‘hand threshed.
Higher than rnormal temperatures shortened the £illing period of geno-
‘types from a normal of near forty days to about twenty-nine days.

Fifty percent black layer at the tip for RS671 and RS633 was August 29
and was August 30 for Martin. Fifty percent black layer at the base,
for' all three genotypes, was September 6.

Harvest: date one was* dropped from the-data because the immature
"&tate of the grain was giving inconsistent results with only the larger
‘graine being threshed ‘from the panicles. ‘Harvest date eleven:was not
‘taken’, ‘This was ‘due to the' fact' some panicles were:lost near the end
of.the_season because of stock rot in the peduncle:and: the.remaining .

panicles were wanted for harvest date twelve.
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RESUL'rs':%ANn“pIséﬁQSION

Table 1 contains the analysis of variance table for the total
section dry weights of a11 three genotypea. In all threeggenotypes,
dry weight of aection five was not significantly different than dry
weight of sections one to four averaged. This can be seen in the
S5 vs S1 to S4 x D interaction. These results were expected because
section five was defined as a whole panicle treatment divided by a
factor of four to makeiit comparable to the other treatments. Con-
firmation of this point means a proper sampling and head dividing
procedure was used. Also attainable from this table is the point that
the first four sections act differently among themselves. This can
be seen in the Among S1 to S4 x D interaction. Table 2 is a list of
total dry weight means with significant.differences ghown with Duncan's
Multiple Range Test.

As can be seen in Figure 1 through Figure 3, dry weights of sections
two and three are fairly close.ani are generally larger than section
five. bry:weights'of gections one and four resemble one another staying
mostly below section five. Linearity tests were run on d;y weight of
section five for the three genotypes to see if possibly the hybrids
maintained linear dry matter production longer in the first harvest
dates thaq thetiine. This m&y show why_hybride outyield lines. The
results ic Table 3 and 4 ehow that dry'matter production of all geno-
types was . linear through date six but only dry matter production of

RS633 was: lineer thtough date seven.
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Comparison of means in Table 2 show RS RSG71 to be consistently
heavier in total section dry weights. than Martin and usually those of
ARS633. Sectional dry weights of RS633 were heavier than those of Martin
l.,:ln sectiops two, three and five and about equal i& segtiohs one and four.

Comparieon of section five in the three genotypes shows sectional
dry matter accumulation of RS671 to be much higher than Martin. Also
dry matter accumulation occurs for a longer period of tiﬂ?_in RS633 than
Martin. Thus, these differences in rate or time can possihiy account for
the,quperiof%yield advantage hybrids have over lines.

L

f;blezi. Analyses of variance of the ‘total section dry weights in the
! three genotypes studied for panicle development at Mead,
. Nebraska, in 1975.

Source d.f.+” ", Mean Square |
i o RS671" ~:.Rsa33 Martin b
Reps St 7 54.625% 23 270 6.964
Sections (S) A 4 1474.253% 1618. 593* '1034,918%
; S 5 vs.S1: to: S 4 1 0.403 3: 798 3.229
,  Among S.1 to S.4.._ 3 1161.195% 2156. 858* 1378 815%
Error a 28 .. 17.083 19.862 16 660
Dates .i(D). .9 . 1425,911*% 1215,552% ; 791,.566%
S xD. 36 .53.560% = 52,367*%  23,783%
S5veS1toS4xD 9 20.736 19,308 2.412
Among S 1 toS4xD ..-.27 64,501% 63.386% 30.906%

Error b 315 23.496 13,267 10.886

x Significant at the .05 level .of probability.
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Table 2.

7103

Means of . the total section dry ‘weight in three genotypes. g
studied for panicle development at Head, Nebraska, in 1975._/

Section_/* vDate_/

- socal sactton oy e

R5671 ....RS633. ~ Martin B
1 2 -6;203 4.06a 4.06a
1 -3 9,39 6.91b 7.27b
1 & 13.11c 10.29¢ 9.91c
1 5 12,48¢c 12,074 11.75de
1 6 15,034 13.45de 12.84ef
1 7 17:.60e 12,58de 13.79¢
1 '8 18.48e 13.44de 13.51f
1 9 '16.87e 13.72e J 11.21cd
1 10 17,19 13.15de 10.82cd
1. 12.. A7.77e ..} 12.75de .} = 12.73ef o
2 2 " 9+33a 6.02a 6.82a
2 3 '13,43b 10.32b 10.65b
2 4 20.93¢c 16.69c 16.01c
2 ‘5 723,29d 20,504 18.67d
2 6 125,01e 21.54de 19.77d
2 7 -25,62e 26.04f 19.47d
2 8 +25.38e 26.53f 22.77¢
2 9 '29.72€ 28.12g 21.22¢
2 10 :30.,70£ ¢ 26433 22.60f
2 12 24,75de | 22.42e 23.41f
3 2 © 6.36a " 5.23a 5.09a
3 3 - 11,426 8.26b - 9.50b
3 4 19.54c 13.66¢c 14.03c
3 5 *234,33d 16.70d 16.86d
3 6 29.02f - 22,55e 20.26ef
3 A "'26.68e " 23,48e ] 22.11g
3 8- "'25.77e - 25.47F - - 21.52£g
3 - 9” 31.28g 28.70g 20.83efg
3 10 30.26fg 26.26f 24.05h
3 - 12° 33.31h 25.71f 19.62e
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_“fotal Section Dry Weight -

RS671 - " RS633 vooMartin'B..
4 2 6,732 |'© " 4.20a" | " 3.89a"
4. 3 . 8.0la . 6.32b 4.70a
4. Y - 10.51b Lo '9.51d 8.41b
4 5, 15.46¢c 7.97¢ | 11.934
4 16 17.23d © - 11.69 12.92de
;4 ‘;'; ‘7 15. 46(: . 12, 828 12n 21d
4 .8 :15.52e 14.83f 10.13c
4 .9 19.01e . 15.43f 13.88e
4 10 16,98cd . . 11.50e 13.00de
4 12 25.06f | . 14.43f 12.96de
- 2 " 6.57a | 40978 b o258
-5 +3 10.70b . 8.26b .7.66b
5 L 17.19¢c 12.23c 12.07c
5 :5 19.01d 14.784 14.33d
S 6 24.58f 18.66ef 16.83ef
5 7 20.54de 22,23g - 16474ef
‘5 8 21.37e 19.63f 17.66£
5 9 21.6% - 17.95e 17.26ef
5 10 25.17% 19.77£€ 17.05ef
5 12 22.17e 19.38f 15.91e

i 1/

.Means followed by the same letter are not sigﬁ&ficantly differ—
ent at the .05 probability level, using Duncan's Multiple Range"
Test. Comparisons are made only within each subdivision of the
table. Subdivision is defined as one section in one genotype;

Sections represent various portions of a panicle. Section one
is the top quarter of a panicle followed by sections two and .
three until section four which i1s the bottom quarter of the .
panicle. Section five is a whole panicle divided by a factor
of four to make it comparable to the first four sections.

Dates represent harvest dates in five day intervals from tip.
bioom of the panicle (e.g. Date 3 is fifteen days after tip
bloom).
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“Table*B“‘ ‘Tést ofalineatity ofatheﬁtotalwsection ‘dry:weights. of::the
three genotypes: for section five from harvest dates two

ﬁto’six.

Source d.f. .Mean Square- . .
RS671 RS633 Martio B

Reps 7 21.295% 18.204%* 8.105%
‘Dates ‘(D) - BERY S 400.856% 230.574% -203.362%
D linear 1 1572.629% 919.232% 800, 713%
‘D quadratic - 1 .-1.815 0.030 8.002 .

D cubic 1l 1.541 0.348 0.104

D deviate X 27.437 2.684 4.611

Error 7 243 6.075 2,775

28

1%

* Significant at the .05 1evel of probability.

Table 4. Test of linearity of the total section dry weights of the
three genotypes for section five from harvest dates two
to seven.,

“Source d.f- - Mean Square
4 : RS671 RS633 Martin B
“Reps T T 7 18,588 15.532 4,061
Dates (D), S 353.122% 329.916% 206.740%
D linear .1 1468.012% 1646.229% 967.584%
D deviate Lo b 74 . 400% 0.838 16.529%
Error,yg;g 35 ..9.619 8.881 4,775

* Siggiflggnt ag%ﬁhé..ogflgyel of probability

oy e
St
it
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‘Generally the*significsnt}differences which occur betweengsection -
?dry weights after black layer are’ unexplainable in this experiment, but

-could be due to error in sectioning of the panicles.‘ Data from a seed

bt I S L IR TSPy

AR R Yo

,weight study,support this explanation.wmmdmk Bk oty e
. Table 5 shows the analyses of vsriance for seed weight (weight/100

seed) in the three genotypes. R8671 ‘and RS633 respond very similsrly in

R R
B "

terms of the treatment by date interactions. Treatments one to four act
differently*among themselves over time, but when averaged, they respond

the same as the panicle (treatment fiuej throughout the grain filling
4’2k' LFI

period..... There was no_ treatment by date intersction with Msrtin and

e “‘ ‘ ": . 71:!" < Lol

likewise the breakdown of the treatments appear not to differ amorg them-

selves over time.

Table 5. Analyses of variance of the dry seed weightsper hundred seeds
in three genotypes studied for panicle development at Mead,
~me . ..Nebraska, .dn.1975 . ..

Source st Mean Square
e ~RE6FL - -~ ~-RS633 ... Martin B .. ..
Reps o 0.114 0.075

0.564%  1:179%
0,134 0,003
0.708%  1,751%

Sections (S) :
S5ve Sl to S 4
Among S 1 to S 4

Error’a o "“"‘L?_;:{ 287 ,0.043;'*- 0 060 0. 040
‘Dates (D) ”‘ '14:818*5h?’18 085* £19,373%
SxD 0.193%. 0.185* 0.078
S§5vsS1ltoS & 0.053 0,026 0.076
Among S 1 to S 4 | 0.240% 0,238 0.079
vError b ' ,315 : 0;054. ~ 0,052 0.060

? LA Significant st the. .05 probability level.
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Table 6 shows. the means of. the‘dry seed weight per ‘hundred seeds of

:
SO B B S OAT R ot Gy v s P O EPTY. i A

the three genotypes. Figures 4, 5 and 6 illustrate changes in seed weight

..v,?l‘if Bt U B R - <

----------

per 100 with time. Tests of linearity were run on data presented in all

{m

gthree graphs from harvest date two to five and two to aix. Harvest date

......

five was about the time of black layer at the tip of the psnicles and
nbetween dates six and geven was the time of black layer at the base.
The tests of linearity are found in Tables 7 and 8. o |

, RS633 seed weight increases were not linear when tested from'dates
two through five or two through six. However, seed weight increases for
RS671 and Martin were linear through date five but not through date six.
The significant Date linear x Section intersction of RS671 means that
whenqgnalyzed together, the sections act linear. But when analyzed
alone there appears to be deviations from the average curve of linearity.
. As in Figure 4, this appears to be the case as section four development
as measured by changing seed weight was increased at a rate slower than
section one, ’

Generally, except for seeds in section four in RS671 and RS633,
Jonoe‘the‘panicle was at the,black layer stage, peak yield was obtained.
This conforms to the finding of Eastin (3) with respect to assimilate
accumulation arouad the black layer period. A possible reason. for the
continued increase in seed weight of RS633 and R8671 in section four
could be that the seed at the base of the heed was more variable in
. maturity and an error in deciding black layer in this section was made.
Comparisons of means in Table 6 for harvest dates five to seven
for all sections show Martin to be heavier than the two hybrids for

il ot
weight per, hundred seeds. Even though Martin seed was heavier seed,

&

‘. numbers were higher in the RS6?l and R3633 enabling them to yield more

“Miny en
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than Martin.

, 3 5 1 s 5 | g.»,., B B :
factor n yield than seed weight as discussed by Kambal and Webster (6),

g

;i e ,_»;';»r

Malm (8).UNiehaus and Pickett (9), and Blum (l)

Tas "o
Far v

The variation after date seven, or about the time of ‘black’ 1ayer

P RIS M

at the base, are not significantly different'from one another except for

o ?f v‘-,'"-(
L

seed weights of section four of R867l which increased through ‘the “1ast

harvest date. Since there is less variation in seed weight ‘than in total

ahosenn e O faen o

section dry weights, this would support the reasoning ‘that there was
DS L
some error in the sampling of the sections and resulting in the signifi—

cant differences in total section weights after ‘black layer.

) SUMMARY

e )

TWo hybrids and one line were used to follow the development of the

R LR B

grain sorghum caryopsis. Sectioning the panicles into fourths and
roaiprat W

averaging the four sectional weights gave the same weight as one—fourth
; it et

of the total panicle weight. However, the upper and lower quarters did

develop slower than the whole panicle while the two middle quarters

were shown to develop faster than the whole panicle. In ‘total section
e v a
dry weights the hybrids developed faster and did yield more than the line.
L C e
However, comparisons msde on the seed weight per hundred seeds showed

; )\-t‘ I

the line to develop as fast as the two hybrids but generally ‘the line
lﬁreached higher seed weights than either hybrid. It 18’ believed ‘that
)th:sehdata support the theory that seed number plays a more significant
f”r$1; in‘the development of the sorghum panicle 'than does seed size since

it is known that the two hybrids generally have more seed’ per panicle than

the line. Also, grain weight in all five of the sections appear to reach

}
.,;s\(-

equivalent levels in the order of section one, two, five, three, and four

I w .r LA R A k) 7“:rr.n-~

-as was expected. Section £ ve”represents the seed weight from a full panicle.

P Fm
5 e s
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Téblést Means of the dry seed weight per hundred seeds; in: three
' genotypes studied. ;or panicle development at Mead,
Nebraska, 1n 1975_

Section2/” pated/ o Dry Seed Weight per 100 Seeds

1 2 0.48a T 0.41a - 0.51e
1 3 1.22b 1.03b 1.18b
1 4 1.68¢c "1.55¢ 1.72¢
1 5 2,07¢ - 1.66cd 2,11d
1 6 2,03¢c 2.00de 2,38d
1 7 2.02¢ 2.1% 2.36d
1 8 2.04c _ 2.03de 2,35de
1 9 2,05¢ 1.86cde 2,294
1 10 1.97¢c 2.00de 2.34d
1 12 2.01c 1,78cd 2.29d
2 2 0.32a 0.27a 0.35a
2 3 0,89 0.78b 0.89b
2 4 1.37¢ 1.34c 1.58¢
2 5 1,814 1.72d4 2.00d
2 6 1.95d 1,85de 2,294
2 7 2.00d 2,29f 2.25d
2 8 . 1.89d 2.15ef 2.31d
2 9 2.12d 2.20ef 2.13d
2 10 2,124 2,23f 2,31d
2 12 1.88d 2,03def 2.32d
3 o 0.23a 0.23a 0.27a
3 3 0.69b 0.61b 0.77b
3 "4 1.18¢c 1.10c 1.31c
-3 5 1.68d 1.47d 1.874
"3 6 1.99de 1.86e 2.20d
3 7 1.98de 2.0lef 2.24d
3 8 2,09 | 2.24f 2.124
3 9 2.19% 2.32€ 2.23d
3 10 2,24e 2,21ef - 2.25d
3 12 2.13e 2.15ef 2.18d
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Section_/ Dateéf - Dry- Seed ‘Weight per 100 ‘Seeds -
- RS633 .., Martin B

.0.15a 0.16a .. 0.17a

4 .. 2.

4 3 . 0.52b 0.42a 0.56b

4 T4 0.87c . '0.91b 1.12¢

4 5 1.24d 1.18b 1.53d

4 6 l.41de 1.68¢ 2.12e

4 7 1.58def 1.87de 2.06e

4 8 1.73efg - 2.05de 2.14%e

4 9 1.82fg 2.25e 2.09%

4 .10 2.02gh 2.10de 2.18e

4 12 2.20h - 2,10de 2.29%

5o 2 '0:31a 0.34a 0.35a

5 3 0.78b 0.67a 0.81b

5 4 1.37¢ 1.25b 1.53¢

5 5 1.60cd 1.63c 1.86¢cd
5 6 1.91de 1.93cd 2,25e

5 7 2,01e " 2.,14d 2.34e

5 8 2.09%e 2.13d 2,3%

5 9 1.92de 2.10d 2,24e

5 10 2.12e 2.20d 2.14de
5 12 2.05e 2,.15d 2.07de

1/ Means followed by the same letter are not significantly different

at the .05 probability level, using Duncan's Multiple Range Test.
Comparisons are made only within each subdivision of the table.
Subdivision is defined as one section in one genotype.

Sections represent various portions of a panicle. Section one is
the top quarter of a panicle followed by sections two and three
until section four which is the bottom quarter of a panicle.
section five is a whole panicle.

Dates represent harvest dates 1n five day intervals from tip
bloom of the panicle (e.g. Date’3 1s fifteen days after tip
bloom).
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Table 7. ' Test of linearity of dry seed weight per hundred seeds in
three genotypes for® sections one'to four from harvest
dates ‘two to five.

Wity G e
Mean Square

Source d.£f. RS671 RS633 ‘Martin B
EREa'eY st v ew e . e . . .
Rep 7 0.074 0.011 0.008
Section , 3 2.508% 1.477% 1.665%
Exror a - 21 0.031 0.018 0.034
Date - . C 3 11.663*% 9.661% 14.656%
Date linear 1 34.885% 28.639% 43.864%
Date deviate 2 0.053 0.172% 0.053
Date x Section. ‘ 9 0.089 0.079% 0.047
Date linear x Section 3 0.201* 0.118% 0.072
Date deviate x :Section 6 0.033 0.060% 0.035
Error b 84 0.041 0.012 0.029

* Significant at the .05 level of probability.

Table 8. Test of linearity of dry seed weight per hundred seeds in
three genotypes for sections one to four from harvest
dates two to six.

Source d.f RS671 RS633 Martin B

Rep 7 0.077 0.035 0.021
Section 3 3.019*% 1.538% 1.679%
Error a , 21 0.037 0.047 0.026
Date 4 13,080% 12.669* 19,101%*
Date linear ' 1 50.693% 50,090% 75.870%
Date quadratic 1 1.463% 0.426% 0.449%
Date cubic 1 0.115 0.001 0.058
Date deviate 1 0.048 0.158% 0.028
Date x Section 12 0.113% 0.076% 0.057
Date linear x Section 3 0.235% 0.024 0.017
Date quadratic x Section 3 0.214% 0.216% 0.169%
Date cubic x Section 3 0.003 0.053 0.020
Date deviate x Section 3 0.003 0.018 0.002
Error b 112 0.048 0.031 0.039

* Significant at the .05 level of probability.
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THE, EFFECT OF INDIIC_.:;;HIGH + TEMPERATURES
ON. SORGHUM: GRAIN DEVELOPMENT

Todd.E. Dickinson.and:Jerry D. Eastin.
INTRODUCTION

One of the environmental stresses facing the sorghum producer is
high temperature. Preliminary observations suggest that higher than
normal air temperatures around a sorghum panicle can lead to reduced
yields. It is reasonable to expect that genetic variability for tolerance
to high temperature exists., The development of an appropriate selection
technique to screen for heat tolerance might depend on knowing when

the sorghum panicle is most vulnerable to high temperature.

Based on these thoughts the objective of this investigation was to

attempt evaluating when the sorghum panicle is most vulnerable to a

heat stress during grain f£illing.

LITERATURE

Endosperm Development in Grsin Sorghum

‘ Endosperm makes up most of the kernel in small grains. Bradbury
et al. (3) reported the endosperm made up over 90% of the total weight
for a kernel of wheat. Wolf et el. (16) reported 80 to 84% of the corn

kernel is endosperm by weight.A Freeman (5) suggested a figure around

7%

82% for sorghum.v These figures suggest thst kernel development closely

follows endosperm cell development in emsll grains for dry weight
PRt 4 ! .
accumulstion.
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In sorghum for the first forty-eight hours after fertilization there

is free nuclear division in‘the endosperm [Paulson (11), Sanders (13)]

During day ‘three cell wallss start ‘to! form at’the base of the kernel. By
day eight, cell division generally ‘has: stopped, cell“number . has been i

determined and starch formation is starting in each cell. On day nine

r"’t»‘u' .

two-thirds of the cells contain starch. Maximum endosperm size is reached
“ about* dsy 12:7:Any 1nerease:in- the: gize ofithe*grain after:this period

{ig%due to' ‘the increase in‘ embryo’ growth. -

e adur o

Heat Effects on Grain Sorghum Development

Most of the research concerned with high temperatures in grain
e b R PO R X W B
sorghum are temperatures slightly above the optimum for the sorghum plant.

[P . P g

High temperatures can hasten the time from planting to bloom and from

AP e e

bloom to physiologicsl maturity as shown by Downes (4), Skerman (14),

Fryer et al. (6), and Pasternak and Wilson (10) Fryer et al. (6)
showed maturity could be hastened when day temperatures were about 70°

k)

and night temperatures were greater than 70° F or below 60' F in sorghum
for the first thirty days after’emergence. Day temperatures below 70° F

and night temperatures in the sirties generally retarded maturity._ After
ﬁhs*first thirty days sorghum maturityﬂcould be hastened when“temperatures
—— Skerman (14) compared sorghum yields with temperature over a number
‘ of years in Queensland, Australia. He found that when daily maximum
temperatures were above 100° F for three or more consecutive days there
WAL T IR : S mard TR
was an adverse affect on grain sorghum yields. The heat waves, as he
referred toithem, were most destructive at theyflowering;period and were

BRI x :; b1 8
1 i RS TN

‘also destructive in the first month of grain fill.
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Pastlrnak and’

Wilron (10) ho ed higher temperatures could ac-
ity v,{ ‘ ‘, 2 !,H 4’ ;,,. .n: 1 _, .',‘4

e

celerate anthssis‘

A EE S P AR

They claimed a'heat stress, moist or dry, could

F":l J'-« ( \ Sy

reduce seed set. They also showed yield was lowered when heat stressed

AP P B B o K T £ot

at or soon after the boot stage and they remarked that heat accompanied
by low humidity can- reduce yields in the field by ten to twenty percent.

Downes (4) studied the affect of various temperatures on different

““ L7t S L '-y:,";:;-:

growth stages of grain sorghum. He used a temperature of 33° C during

o

the day and 28° C at night for one treatment and for the second treat-

FREIR M SO

ment he used a 27° C day and a 22° c night., The higher day-night

k3 ,,fs:..(:(,,.

temperatures, applied before bloom, and continued until maturity, re-
duced the number of florets which developed, and reduced the grain

wedight per panicle branch. The higher day-night temperatures applied

at the time of panicle development retarded floral initiation and increased

the number of leaves per plant. Downes also did work on varying day and

night temperatures which showed a high night temperature to have an

Lo s .

adverse effect on grain yield while day temperature had little effect

except . at very high night temperatures.

S Bt
_ Similar day-night relationships have been found in other crops.

e DA b T

Peters et al. (12) found higher temperatures to be associated with earlier

£

senescence and maturity in wheat, corn, and soybeans. High air temperatures

x,.;» S i

at night reduced corn yields forty per cent, wheat fifty per cent and

'
st b

soybeans ten per cent. However, the data may have limited value. Wheat

research by Asana and Asini (1). Asana and Williams (2), Hoshikawa ¢))

,' i L e shw

and Wardlaw (15) suggested tsmperatures above 30° C, applied during grain

yields eleven to sixteen per cent and could hasten maturity. Starch

formation can: be reduced, as pointed out by Wardlaw (15). when heat stress
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D vgwn S SSER
vthis is due ‘to. starch granular number and size»being;re u

) po : hat wheatbrequires low tem ratures during%
B third of grain fill, higheritemperatures for the second third
: ' e

Handéagain low temperatures are required for the last third of grain fill

for obtimal yields. PRt e ey s Bl e

b A

Nagata and Ebata (9) found development of the rice grain to be

Rl

hastened when high temperatures were applied at the beginning of grain

fill but depressed developmentﬁwhen applied later.‘ High temperatures

i
T

'applied throughout the ripening period accelerated etarch accumulation

but the starch content becomes insufficient to fill starch cells in the

},l.._.w,'\',v, - .‘...
late period of ripening causing reduced seed size.

L Av',u‘x: ..n",,...‘: Ca L

‘MATERIALSVAND4METHODS

This experiment was conducted to observe when the most critical

time period would‘be to appl& a heat stresa to a sorghum panicle. The
genotype used ‘was RS67l which ia an open-pedigree hybrid. S

i

This experiment was planted June 5 in a completely randomized block
'f' SRR 5‘;;_ o 4‘ 508 g's'”‘ SETE -i U '!\ :
deaign using fifteen replications. Paniclee were. selected at random

ifa v ey i

from twenty rows 30 5 m (100 ft) long and 76 2 cm (30 in) apart. A

.,,». o A

stand count at the end of the year showed approximately 175 000 plants/ha

(70 000 plants/A) The plot was irrigated in order to separate the moisture :
~1 GOSN Pt RO S P S AN LT T e G

from the temperature variable.

The experiment was fertilized with 100 lbs. of N. Weeds were controlled
PRATE Ser e B 'J:n* haTE . -

using atrazine and propachlor.v Greenbugs were controlled with Diazinon

and$Cygon.'
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AT e Y

TheHeat" t¥eatment ' vas"effectéd *by applying a"elear plastic’bag 39
em'(15:471)" Lonig and’15¢¢n’ (59" 4n) wide'ts'thie head: < The'bag was held

on the panicle with a twisted wire at the base applied loosely enough
around“the ‘pedinele to"allow’ drainage of transpirational water after

it condensad” in the bag. 'The bag effecteda’ temperature elevation:
around’ the panicle to some point®rélative to temperatures surrounding
%ﬁﬁ’bdg:hﬂdﬁfhe amount of sﬁﬁlight?péssiﬁg’th:ougﬁfthe bag. Several
panicles’ were monitored with'‘thermocouples hooked into a Hewlett Packard
data ‘logger. In both plastic covered and uncovered panicles the thermo-
douples were placed oni a panicle branch halfway down the panicle on the
north side next to the rachis. Temperatures were recorded hourly from
600 ‘hours 't6'2200 hours. Table Al, in thé appendix, shows the daily
maximin, minimum, -and ‘averdge temperatures in the plastic covered and the
untreated panicle:

' lifhe'bagging treatment did raise panicle temperature ‘appreciably and
did effect s heéat ‘treatment. However, bagging also introduced an abnor-
ﬁﬁfhgasédds”énﬁirdnméht in terms of carbon dioxide, oxygen, and water
vapor “around the panicle. ‘These effects are confounded with the heat
‘treatment; ‘While the ‘treatment is spoken of as a heat treatment for
discussion purposes these confounding effects are recognized.

%% giie éxperiméntal unit was a single panicle of -sorghum.. All panicles
were "tagged ‘at” tip bloom*on August 13th,

““A“”Bzﬁéhééfeféﬁpliéd‘at“five different ‘stages during the filling
”p%ii&dﬁ*”?o%iéachﬁﬁiplihatibn there were four' removal:times:’ These were

‘set" up g0 four days’ after ‘éach applicatioii-oneset-of bags'were:removed,



§£§é ixteen daye..The;application;dat ";gp to be applied'

two daysakpar _and would etart'at.five daye'after tip’bloomx(juet efter

sbase bloom).

To.eilcﬁ for cooler .days where little heat was app]ied:and the .Plants
:'gfrﬁew,},slower-.; total.radiation readings were used to determine the appli-
caition. and; removal dates. An,average, sunny day in August, at.Mead, Nebraska,
‘would:give a reading:of. 485 langleys/day on a total radiation sensor.
‘If .a:two.day :interval were needed between application dates, 970 langleys
;we:eyeccumulatedybefo:eJtheanext,epplicatipn_tocg,piace eqditheqtepovala,
4 days apart: were allowed to collect about 1940 langleys. Table A2 in the
‘appendix,  shows the;eequence‘ofyappliceticpe‘eqd:;empyels'eqd the actual
dates they took place. - By September 9, the panicles were at fifty per
'cent.black layer. at the tip and all remaining bagged panicles were removed.

All panicles were harvested and allowed to eir,drxa Panicles were
ithen :threshed with a mechanical head thresher and eegegqted,into three
.8eed :size groups. Seed size one was the large grains that would not
pass, through.a screen:with a 0.357 cm (9/64 in) round holes, “Me%ium
-8ized gtainsithatrwould,paee.th:ough.a~0.357;cgjecreenibut,gotge!9.278 cm
:(7/64:1n) .screen were designated seed size two. Seed size three was any
grain passing.through;the:0.278.cm screen,,

Da}taaacgl_lecte.d;;awe?e«f,or ;total weight of the.grain in the panicle
before separation into seed;sizes and,seed number of. the total panicle.
Totaligrain weight, eeed nuzber, and;Sgﬁdwwe§8h§ﬁyﬁf,b9§dfgggSeeds were
quBO“taken~in?each-of~the three~eeed.size classes. ,Ali data presented
ate meane of the treetmente divided by.. means, -of, fifteen check panicles

uthat remained untreated 80; that\valuee are expressed as percent of the o

.check.
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7, RESULTS 1AND DISCUSSION i+

Table l shows the analyses of variance for total grain weight and

# i
& OF et
Pl

seed number for the whole panicle. Figures 1 and 2 show trends in seed
number‘and panicle weights as influenced by treatments. Tables 2 3,

and 4 show the analyses of variance for all three seed sizes for the
traits of total weight, seed number and seed weight. Tables 6, 7, and

8 show the means of the traits expressed as percentages of the check and
also significant differences in Duncan's Multiple Range Test.

Figure 1 shows the mean total weight of the grain in' the whole
panicle as related to treatment length. There were significant differences
in applied and removal dates on the mean total weight and there was a
significant interaction in application and removal dates (Table 1).

Figure 1 generally shows a trend that the treatments applied later and

the longest stressed perioda were most effective in reducing total panicle
grain'weight. Applications one and two resulted in continued decreasing
weights throughout all treatment periods. Least effective was application
five which was reached at the very end of the grain fill period and which
apparently was a less sensitive stage for stress to influence assimilate
accumulation in the grain as compared to earlier stages. The literature
[Paulson (ll), Sanders (13), Wardlaw (15), Hoshikawa (7) and Nagata and
Ebata (9)] would suggest that cell number and cell size were possibly
influenced by early applications of heat stress. Starch granular number

and size were influenced with later applications and 1onger treatment

periods of heat stress.

f
BRI B RS T ERET B

Figure 2 shows the mean seed number of the whole panicle as related
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gfto removal interval. Again application five apparently had no. affect

n:seed number./ Applications three and four show little change in- seed

TRt “‘; oy M\h ‘:(
Seed number resulting from appli-

e <
e .1‘41 i

‘xcations one and two, however, decline throughout the entire filling

. c‘ e e

3

period. The data appear to show that a short duration stress aborts

AR oy 2
t EEE L A | Ry

‘more seeds about 9 days after anthesis than earlier. This apparent

) K} . ;;.,A_ e

abortion of grain may have resulted from 1osing grains too small to be

10

F ol :
caught in the thresher and passed on through and were lost. This point

KX

will require further experimental verification.
fa b 5

Thekstressed panicles were divided into three seed sizes. The
1argest grain found generally at the base of the head, had a trend to
decrease in total weight with the removal periods due to the fact there
were fewer 1arge grains. The large grains were generally heavier than

the check or untreated heads.' The medium sized grain tended to decrease

in seed size with the longer heat stresses on the earlier application

dates. Generally when the last three stages ‘of stress were applied the

g
A

seed number was set immediately and seed size differed very little with

AT O

the longer stress periods. This would suggest that heat treatments at

ol

d 4 N
h &

the mid to latter end of the grain fill will put an upper limit on starch

i e

accumulation as was suggested by Wardlaw (15), Hoshikawa (7) and Nagata

and Ebata (9) The small grain proved to increase in total weight with
g, n G i y
longer periods of stress due to the fact that there waa an increase in

¥ S D TN *x = _7., : ' Gaee .) N
the number of grains falling into the small grain category.

- 1—',..\}‘ pL'

. The data suggest that short periods of high temperatures falling

at (s y

at about seven to. nine days after tip bloom, can)be as harmful asA?
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'stress applied at earlier dates of the grain fill period and left on

EX ,, Y g
L2 S KRV SV A S o S S D ges

for twelve’to 8 een’days.‘ At thi. particular etage the cellular ‘

25 Tt

expansion is drawing to a finish and starch formation is starcing

,-..a—-.' ~

[Paulson (11), Sandere (13)]. Therefore, 1f these data were used for
a selection technique, the time to apply a heat stress would be between
days seven and nine and the stress length could be left on a plant for

any length of time
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: Table 1. Analyses of variance for the total grain weight ‘and “geed’
v number ‘of .the whole jpanicle studied i the.temperature,

experiment at Mead Nebraska, in 1975.

Mean Square

: [ Total Grain .- Seed Number
Weight of the of the Whole
Source::.: . difv.. Whole Panicle ‘Panicle
Applied 4 4348.708% 13113.083%
Removal 3 15609.623% 6125,985%
Applied x Removal 12 998, 914* 1488.999%
Errer 280 247.574 185.303

* Significant at the .05 level of probability.

Table 2. Analyses of variance for the total grain weight of the three
grain size classifications studied in the temperature exper-
iment at Mead, Nebraska, in 1975.

Mean Square

Total Weight Total Weight Total Weight

Seed Size Seed Size Seed Size
Source d.f. One Two Three
Applied (A) 4 11648.980% 7253.022% 36458.478%
Removal (R) 3 33098.853% 10039, 422% 14859,527%
AxR 12 730.364 4512.946% 1643.083

Exrror 280 1044.747 348.228 1185.829

* Significant at the .05 level of probability.
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Table'3:" Andlysas-of*yaridnce for the seed’ nuiber of ‘the three grain: ::
- "T"“eize‘cldssifications studied-in’the temperature ‘experiment
*"at'Medd) ‘Nebraska;"in1975,

Mean Square

356.086

‘+:Seed Number - - Seed Number Seed Number
Seed Size Seed Size Seed Size
Source d.£. One Two Three
Applied (A) 4 11294,036%* 13632,.877% 187512.974%
Removal (R) 3 25358.065% 5434.582% 50477.405%
AxR , 12 492,491 4337.869*% 3993.204
Error 280 793.491 2792,888

¥ Significant at the .05 level of probability.

-Table 4. Analyses of variance for the seed weight per hundred seeds of
the three grain size classifications studied in the tempera-
ture . experiment at Mead, Nebraska, in 1975.

Seed Weight Seed Weight Seed Weight

Seed Size Seed Size Seed Size
Source d.f. One Two Three
Applied. (A) 4 391.806% 5556.933% 15757.668%
Removal (R) .3 789,727% 2288,868% 2595,996%
AxR. 12 228,920*% 129,622%* 581.245%
Error 280 79.695 57.256 - 88,252

* Significant at the .05 level of probability.
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Table&s.ﬂ quans.jexpresseqlaa a;per.cent:of. the check, . of. the total ;.
‘ wgrainQWeight .and seedinumben of the whole panicle studied
in the tempetature experiment at Mead Nebraska,:in 1975.1

Means .expressed .as a Per. Cent of the Check

-7 Total Grain . - .. -

Seed Number

R Weight of the of the Whole

Application  Removal Whole Panicle Panicle

1: 1 91,72f 89.84e

1. 2 . '68.70cde 64.17bcd

1 3 +* 50+ 39abe 50.65ab

1 4 38.72a 41.49a

2 1 92.04f 88.18e

2 2 71.96de 70.91d

2 3 52,07abe 55.02abcd

2 4 _44.00ab 51.77abe

3 1 .73.84de 65.07bed

3 2 73.26de 66.15bcd

3 3 50.85abe 55.62abcd

3 4 - 50435abe 55.74abed

4 1 '67.69cde - '68,00bcd

4 2 62.28bcde 63.59bcd

4 -3 .57.14abed 70.27cd

4 4 50.64abe 62.57bed

5 1 93.35f 99.30e

5 2 78.43ef 90.99%e

5 3 79.25ef 103.29%e

S 4 71.96de 91.31e

1/ Means followed by the same letter are not significantly different
at’ the .05 level of probability using Duncan's Multiple Range
Comparisons are made only within each subdivision of the

Test o’
table, '

*Subdivision is defined as one column.
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Table 6. ‘Means," expressed .as a.per:cent.:of thegcheck;ﬁof&theﬁtotalg
'~ grain weight of the three; grain .size:classifications.stud-
-led in the. temperature. experiment. at Mead, Nebraska,: in

1975.1/ .

Mbane.exgtessed-asAa-ger,cent of the check
Total Weight: Total Weight Total Weight

Seed Size Seed Size . Seed Size
Application Removal One Two Three

1 1 76.78cdef 104.743 88.86cdef
1 2 60, 35abed 75.27ghd. 76.11bed
1 3 43.66a 52.99bcde 90.58cdefg
1 4 37.?53 35.88a 83.07bcde
2 1 70.75bede 112.65j 62.00abe
2 2 55.01abe 86.251 74.91bed
2 3 36.56a 62.96defg 82.71bcde
2 4 39.06a 44,14ab 95.24defg
3 1 99.34fg 54.19bcde 46.05a
3 2 -85,22def 64.50efg 54.46ab
3 3 43.,10a 53.81bcede 97.57defg
3 4 41.90a 55.47bcdef 77.28bed
4 1 90.11lef 46.12abc 97.54defg
4 2 79.91cdef 44,97abe 90.12cdefg
4 3 48.35ab 60.13cdefg 114.69fg
5 1 118.62g 70.56£gh 107.63efg
5 2 84.13def 70.48fgh 117.24fg
5 3 71.17bede 80.80h1 147.34h
5 4 70.67bede 66.84efgh 150.74h

1/ Means followed by the same letter are not significantly different
.at the .05 level of probability using Duncan's Multiple Range

Comparisons are made only within each subdivision of the

table. Subdivision is defined as one columm..

Yest,
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fﬂMé#ﬁé,?éxpteeéediésfalperﬁcencTof the check; of: the: seed.
t#number -of * the 'three’ grain size'classifications-studied
ﬁ@inﬁthe\teﬁperatﬁreﬂexperimentPatiMéad;vNEbraska;f;p?}975.lJ

© - Means expressed as-a-per cent of the‘check

Seed: Number ' . Séed Number Seed Number
Sedd Size Seed Size - Seed Size
Application Removal One Two Three

1 1 73,18cdef | - 100.49gh 87.96abed

1 2 55.06abed 68.55de 73.43abe

1 3 40,57a 51.10abc 92,32abcde

1 4. 34,.87a 37.24a 101.28bcde

2 1 68.80bcdef | 104.19h 60.12ab

2 2 51.82abc 82,15ef 75.65abe

2 3 36.23a 62.67cd 83.94abc

2 4 37.83a 49,68abce 128.67def

3 1 91.17fg 50.29abc 54.47a

3 2 77.69def 59.52bcd 62.12ab

3 3 40.86a 54.02bcd 132, 62ef

3 4 40.76a 57.60bcd 109.11lcde

4 1 79.85ef 47.68abe 160.23fg

4 2 72,28cdef 45,10ab 156.78fg

4 3 46,98ab - 68.43de 186.94gh

4 4 45,89ab 51.63abc 214.72hi

5 1 109.01g 84.63f 160.80fg

5 2 82,52ef 84,14fF 177.48gh

5 -3 74.59cdef 103.24h - 231.251

5 4 67.08bcde 87.06fg 229.401

1/ Means followed by the same letter are not significantly different

at the .05 level of probability using Duncan's Multiple Range

Test. Comparisons are made only within each subdivision of the

table.

Subdivision i1s defined as one column.
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Table 8, Means, expressed as a per cent of the check, of the seed
weight per hundred seeds of the three grain size class-
ifications studied in the temperature experiment at Mead,
Nebraska, in 1975.1/

Means eigressed as _a per cent of thé check
Seed Weight Seed Weight Seed:Weight

Seed Size Seed Size Seed: Size
Application Removal One Two Three

1 1 105.21bcde 103.21ef 101.20g
1 2 113.36fg 108.41f 105.12g
1 3 110.58cdefg 102.17ef 98.78g
1 4 110,.84cdefg - 94.40d © 83.59f£
2 1 106.37bedef 106.87f 103.07g
2 2 109.31bcdefg 103.76ef 98,.86g
2 3 101.98b 98.59%de 99,27¢g
2 4 103.88bed 87.13¢c 75.07e
3 1 111.24defg 107.42€ 85.58f
3 2 113.58fg 107.01f '87.87£
3 3 107.00bcdef 97.74de 73.82de
3 4 105,83bcdef 95,274 71.76cde
4 1 114.88g 94,364 61.71ab
4 2 112, 36efg 98.05de 58.04a
4 3 105.87bcdef 86.78¢c 61.91ab
4 4 103.34be 87.31¢ 57.97a
5 1 111.03cdefg 81.42abc 69.79cde
5 2 106.21bcdef 82.32bc 66.98bcd
5 3 94.47a 77.37ab 65.07abc
5 4 106.08bcdef 76.17a 68.45bcde

1/ Means followed by the same letter are not significantly different
at the .05 level of probability using Duncan's Multiple Range
Test. Comparisons are made only within each gsubdivision of the
table. Subdivision is defined as one columm.
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APPENDIX



Table Al. Maximum, minimum and average daytime temperatures of the
1-plastic. covered and untreated panicles in, the. Ltemperature
ﬁyexperiment st Mead Nebraska, in 1975. Tip bloom was

August 13,
Days After Covered Panicles (OC) Open Panicles (°C).
Tip Bloom Max.  Min, - Ave. Max.  Min. Ave.
6 44 23 34 37 .23 28
7 46 23 38 37 23 32
8 47 22 39 36 22 32
9 49 24 40 40 24 34
10 48 30 37 39 30 33
11 48, 29 40 39 29 35
12 48 17 35 32 17 26
13 45 11 33 33 11 27
14 47 21 36 35 21 31
15 36% 23% 28% 27% 20% 24%
16 42 19 30 29 19 25
17 41 20 31 29 20 25
18 42 18 31 31 18 25
19 43% 17% 34% 4% 17% 27%
20 44% 24% 37% 33% 24% 31*
21 28 16 21 22 16 18
22 21 17 19 18 17 17
23 37 12 25 27 13 20
24 37 13 27 27 13 21
25 39 13 28 27 13 21
26 37 12 26 25 12 20

* Estimates due to partial loss of. resdings. Days not listed are

,,,,,,,,,,



Table A2

i Ny

¢

tes f ¥ ﬁilic‘iio ‘and:rempval ‘of
‘Teat ‘treatments ‘at’ Mead, Nébraska, in‘1975.” 310m
the tip was August 13. AR

Days - After it e
Tip Bloom Treatments 1/
3 “Al
5 . A2
7 ‘AlRL | A3
9 : A2R1 A4
11 ‘ALR2 | A3RL- | A5
13 ‘ A2R2 A4RL
15 "A1R3 A3R2 A5R1
18 A2R3 A4R2
20 ALR4 A3R3 ASR2
25 A2R4 A4R3
27 A3RS. A5R3
27 A4RG
27' ASR4
1/ Applications are abbreviated A and removals R. Using A3R2 aq

an example, this means the heat stress was applied with the
third set of applications and removed with the second set of
removals for that application period.
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RELATIONSHIP BETWEEN LABORATORY AND FIELD OBSERVATIONS
OF SORGHUM SEEDLINGS GROWN UNDER COLD TEMPERATURES -

iL.wMéndOza:0qo£re, J. .D..Eastin, C..Y. Sullivan, W. M, Ross

In:high-altitude .and/or upper-latitude areas, sorghum plantings
are limited:by several factors among which.cold temperature is one
of-the more. relevant (Stoffer, 1962). In.areas like Nebraska, soil
and air temperatures during early spring plantings are often sub-
.optimal for seed germination and seedling growth (Kramer and Ross,
1970). . Therefore, poor stands, complete loss of stands due to killing
. temperatures. after seedling emergence, and poor seedling growth are
often experienced. Cultural and genetic approaches to improving
responses to moderate adverse temperatures in early plantings could
be legitimately .pursued. . Brggding programs have been initiated to
‘detect. cold~tolerant genotypes in several species, and those genotypes
could be used in different crop production situations (Namken, et al,
1974).

It is difficult to expect that selecting for cold tolerance in one
-specific growth stage could accomplish all desirable characteristics
required for different crop- production situations. However, screening
-:for. 'cold..tolerance in the germination and seedling stages and testing
the:selected;genotypes . under different environmental conditions in order
to.detect:those that better fit the desired situation could be a
reasonable approach.
.jm?mgln%doing@;his;;chegfirat.problegjariseS»when_largg numbers of
genotypes are available for screening. Looking for a fast, simple and

. reliable technique should be of the greatest priority.
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MATERIALS: AND METHODS .

Fleld Planting:

‘»bﬁsfk‘tharedﬁniﬁétﬁ-threé Slipfd§enies7deﬁéioﬁed@frOmﬁéorghum
populations NP8BR and NP10BR were planted Aﬁril 22, 1975, on the
ﬁéééhoﬁ?'Fafm,‘Lincdln,“thréskaéfaThia*ié?an~éaflyﬁplénting>date
since most farmers plant from mid=May:to"early:June. *The’purpose.of
this early planting was to test under cold temperatures-in the. early
growth stage so selection could be applied:

" Egch Sy progeny was planted:in eidglé*quaz Each row was 15 feet
1ong and 30 inches apart. 'RS 626 and-M5-83 were planted as checks

each 20 rows. The 1latter-is a line-reported to have some cold tolerance
in*p¥eViouB‘éétiy:pIEntihg‘aﬁeetvatibnél/; while RS 626 is a commercial
hybrid," Oﬁlyione’replicatioﬁfwhbéplante&.

Soil ‘temperature’ at 2 incheés deep was continuously -recorded during
the first 19 days’@fter planting by placing'three tempscribe instruments
in the field. The maXimum and minimum values are given in Table 1. As
an average, over the first 19 days, the minimum temperature was 10° C and
the maximum was 23° C.' ° A

' -“The ‘fifst ‘evaluation ‘was doﬁé 19 days after ‘planting. Visual grades
vere given to each“one of ‘the‘Sy progenies, according to the‘relative
‘seéedling growth and number:of seedlings emerged:from each S1.row'in
‘reldtion’to ‘those of -the: chécksimmediately“preceding: them. - Both checks,

at that time;“behaved the 'same.’ Grades'from l-to 5:were 'given.

XQJ“&PEféénél?cémﬁudicétiéﬁ%b§“ﬁfT5G.3Rbbisqﬁﬂ(DekélbmAg;bReBearch, Inc.)
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Table 1. thimgm aﬁd‘miniﬁnm séilvééﬁperatures two inches
?déepéacqninéoln;ENEyfromﬂAptil~223to‘Mhy~10yv1975.lék

~.Date; «;. ¢ - .. Maximum °C. . Minimum °C B

April 22 17.0 A
24 19.3 11.0

25 23.0 8.3

26 19.0 13.0

27 19.0 16.7

28 16.0 9.0

29 22,0 7.0

30 20.7 6.0

May 1 21.0 4.0
2 15.7 8.0

3 22.3 7.0

4 26.7 7.7

5 28.0 12.3

6 28.0 16.7

7 30.0 13.3

8 29,0 11.0°

9 27.0 12,7

10 30,7 10,3

Mean 22,9 10.2

1/ Average of three observations

Grades from 1 to 5 were given. Grade 1 represents seedling number
-and seedling growth similar to that of the checks, and grade 5 represents
very poor seedling development or no seedlings at all. A second evaluation
of the same mapgrial was done 5 days later by the same procedure.

Laboratory Planting

On July 29, 1975, the same 693 S; progenies were planted under
laboratory ,conditions. In order to evaluate germination and seedling
growtb%gfj;hig number of genotypes, a,fast, 1neipens;ve and‘s;mp;e
technique was required. The more promising technique appeared to be

a modification of a procedute reported by Myhill and Konzak (1967).
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eThe;pro edure‘ﬁ“ed"fdllbWs°‘ 30 seeds of each Sl vere placed

A

a‘x~ B

‘betweA 84/ wet regular eight seed germination papers 12 x 4 cm ”

dimensiona. Aisteel blue:anchor~seed germination blotter paper

12 X 2 1/2 cm“dimensions was- placed ‘41i' between for supporting’ the
seeds: ‘These "sandwiches" were placed in slots cut in racks as
iadicated by.nyill and Konzeak. Figures 1 to 4 shows the generali
procedure. N

This pléaiing arrangement was‘siﬁilar to the field planting.

Each 53 was piaéed in one slot and each 20 slots both checks (RS 626
and MS-83) werebplanted. In this way, only 22 genotypes were placed
in each rack,f ln this planting, it was feasible to put in a uniform
number of seeds of each genotype wvhile the same was not done in the
field planting;.

As soon,ae,each rack was complered, it was placed in a growth
chamber in’whicﬁ*temperature and humidity were controlled. The temper-
ature cycle over the 24 hours period within cheagrowth chamber was the
average of the soil temperature cycle that occurred in the field during
the first 19'aays; Relative humidity was maintained at 90%.

Table 2 shows the temperatures used at 3-hour intervals during the
' 24=hour cycle,

" "yisual grades were given 13 days aftér planting by using the same
criteria as used in the field plaating.
‘“O&”Septeﬁbér‘12”‘alsecoﬁd‘replicafién‘ﬁaa planted under laboratory
éﬁ%ﬁiéi&hs. “The' procedure ‘s “the ‘same “as in’the first replication,

except "that visual grades were given "16days ‘af ter planting.
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Fig. 1. Polyethylene rack for supporting seeds.

Fig. 2. Rack being filled out with blotter "sandwiches" of seeds.



Fig. 3. General aspect of a plastic tray containing two sets of Sy progenies

R/es 1/“

Fig. 4. Relative growth of S, progenies
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”%EbiZ“é.' Daily aoil temperature cycle ‘two. inchee deep

.....

,Time (hours) Temperature (°C)
6 10
9 ‘15
12 20
15 22
18 18
21 14
24 12

2/ Average of the first 19 days after planting.

RESULTS AND DISCUSSION

Correlation analysis was performed with four sets of data. Téo of

those sets (FG-l and FG~2) were vieual grades given under field conditions

correeponding to two different days in which genotypes were graded in the

same replication. The other two sets

of data correspond to the two

replications planted under laboratory conditions (GCH-1 and GCH-2).

Results are given in Table 3.

Table 3. Correlation coefficients between field and
laboratory visual grades, Lincoln, NE, 1975_/

.
.

Grade:  FG-2° GCH-1 GCH-2
FG-1 .. .. 0.83% 0.62%% 0.55%%
re-2 | 0. 624% 0. 54%%
GCHs1.. ‘ 0. 67%*
3/ 1693 observations..

i Significant at the 1z probability

level.
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From the‘correlation coefficient values it}is noticed thatgthe
IR R <3 K 250

number of days‘from planting:tofthe’day‘in‘which grades"are given has

:influence upon the grades and, therefore, ‘affect- the correlation
(o

values.; In this context, FG-l and FG-2 are grades given to genotypes

of the same replication but FG~2 was given 5 days- after FG~1.M‘dfclose
value of r=1 should be expected. The observed departure from r=}
could be interpreted as random errors due to failure in assigning
grades in the field, but a differential rate of seedling growth among
: genotypes in that Sgdays interval should also be cousidered.

The above corsideration -also .applies to: laboratorylobservations.
GCH=-2 grades were given 3 days after GCH-l, but in this case, grades

}

‘belong to two different replications. Therefore, the effect of grading

P s o S A T

at different dates is confounded with replications. An obvious conclusion

S

o b o N
'; RIS S R ooy

is that the grades must be assigned at Lhe same number of days after

L

planting in all replications.

C oy

'CONCLUSIONS

Tuking into account the following factors: l) that‘comparisons among
genotypes aretmuch easier to.do . in the growth -chamber. than. in:the field;

2) that under laboratory conditions there is controluover the number of

- seeds being planted, .3) that growth chamber temperatures were kept very
similar to those occurring under field conditions; 4) that large numbers

of genotypes were involved and 5) that visual grades ranged from 1 to 5,

\

'we conclude that this laboratory technique has good correlationiwith

field observations and is to be considered a useful tool in screening
15““’-

['genotypes for cold tolerance in.the germination and seedling growth stage*

: during the early phases nf breeding programs. -
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WHOLE PLANT RESPIRATIONHIN GRAIN SORGHUM

Jerry D.~Eastin, Ian Brooking end A.VO. Taylor

M 'J

,of floretai(about 2 weeks) bAfore whole plant Ominus roots) respiration was

run at lO 15, 21 and 27 c (five replications) stle 1 contains results.

?Table"l;p Respiration rates in two" sorghum hybrids taken from 3 pPretreatment
temperatures. Measurements were made at’ 10. 15,721 and 27 C.
. Means are from 5 replications.

evolved/gﬁgry wt/hr LSD .05 LSD .01
Respiration temperature ‘
. 10' 0.50 0127 0.168
15 - 0,92
21 _ 1.74
27 ‘ - 3.23
‘Pretreatment temperature
‘ 29117 1.73 2101 « 147
29/22 : 1.51 :
29/27 1.55
-"_'szrids o o ‘
B “CK 60 x7078 1.41 - -~ .089 118
crl x 156 1.78 '

'41/ CT - cold tolerant A line (SJ?) from Northrup King

Points of 1nterest in Table 2 are .8ignificance in hybrids, respiration
temperatures, pretreatment temperatures and the - hybrid x respiration temperature
,interaction. The LSD s in Table 1 suggest large real differences between every
:temperature. Also (Table l) plants grown at 29/17 respired more rapidly than
plants taken from the 29/22 and 29/17 pretreatments. Therefore, previous

,history does influence respiration rate.b
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stie221‘ Analysis of variance for whole plant respiration in two sorghum
hybrids (CK60 x 7078 and SJ7 x 156) from 3 pretreatment temperatures
(29/17, 29/22 and 29/17 C) run at 10, 15, 21, and 27 C.

Source: - DF. ... .88 . M5 F
Blocks: 4 4,111 1.028 16,849 **
Hybrids (A) 1 4,144 b.144 67,934 **
Pretreatment Temp (B) 2 1.125 0.562 09,223 **
Respiration Temp (C) 3 129,796 43,265 709.266 **
AxB 2 0.090 0.045 0,736 -
Bx C 6 0.614 0,102 1.679
AxBxC 6 0.040 0.007 0.110
Error | . 92 5.616 0.061 -

Totsl E 119 147.208

** Significant at .0l level

' i?e ‘differences between hybrids are more readily visualized in Figure 1.
ﬁote that the cool tolerant genotype respires about 25% faster than the temperate
5s otype over the range tested which spans most of the night temperatures to be

;/

found‘in soxrghum growing areas. Some night temperatures in the tropics may be
consistently higher.e Since respiration is coupled to a number of synthetic
processes, it is reasonable to expect that if respiration is moving 25% faster
at some temperature in one genotype compared to the other, then the associated
or co?pled synthetic activities likely are also proceeding at a similsr more
rapidgpace. Therefore, the respiration rate differences probably reflect
metabplie rate differences in general.

éhg;existence of such genotype.differences is important. since the pace
of a proeess oftenh:eflects the efficiency of the process. ‘Tﬁis”keneralirEtion
appears to relate to “yield results reported in last years Annual Report (1).
Tahle 1 of that report i showed: that: CK 60.% 7078 peaked in yield at about 29/22 C

while CT x 156 peeked,near;29/17 C which snggests first that they have different
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.témperatnrefoptima Second, the percent yield reduction with a 5 C increase

.in night temperature over their respective optima'waa goanin both cases.
Regardless of. where the temperatnre‘optima 18 for a“;e;QE;ﬁé. moving it to a
higher temperature environment than that to which it is adapted, will cause
significant yield reductions. The importance of placing the proper temperature
‘reaction genotype to the prevailing- temperature ernvironment.of an area is clear.
#°"" Table 3 contains respiration rates.by genotype. - Data illustrate: the

marked effect of temperature on respiration.: Note that approximately a 6 fold
increase in respiration’ occurs when going from 10 C'to 27 C. Stated differently,
about an average 15% respiration increase per degree C ‘elevation occurs.

' These results suggest sorghums vary widely in their temperature optima and
possess at least 25% respiration rate differences over a wide range of temperatures.
Thesefdffferences appear to relate quite directly to yield responses at different
temperatures{ The data probably at least partially explain the relatively low
yields common to certain ﬁafm‘nighc areas of the tropics. Some effort is being
given to developing a screening test for temperature typing sorghum in terms of
fcbdf.‘céﬁﬁeéﬁté‘ahd'éro§15a1 adaptation.

Table 3. Reapiration rates (mg doz evolved/g dry wt/hr).

CK60 x 7078 SJ7 x 156 Ave
Temperature C02 evolved 2 increase/1C  CO2 evolved % increase/1C increase
.10 0.43 0.57 o L
15 0.82 18.1 (10-15C) 1.02 15.8 ’ 17.0
21 1.54 14.6 (15-21) . .1.94 15.0 14.8
27 2.84 14.1 (21—27) 3.60 14.3 14.2
Overall Ave 1.41.  15.6 - 1.78 15.0 15.3
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fon:sorghum.development and yleld components.: -In-iThe Physiology of Yield
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ENERGY QUANTITIES AND TIME "PERIODS ASSOCIATED
driiany < WITH SORGHUM ; GROWTH STAGES

52de Da Eaatin,(R. Moz Castleberry, ‘Me:De .Clegg,
C. Y. _Sullivan and J. W, Maranville
v Wezhaveyerbittetily;divided{aoxghﬁmwdevelopmeqt into,.the vegetative
. (651) - péinicle, development, (GS).and grain.filling.stages (GS3). Sorghum
wtolerateexappreoiable;streasﬁduringaGSI&withoqtjaqgferipg;much,yleldiloss.
Hovever, GS 18 a more gensitive and critical period since seed number
.potential is set then. Seed number generally correlates positively
.with yleld,  Grain filling is obviously a critical R%F.%éﬂ, also, This
Anvestigation was, conducted to check the time perlods spent in each growth
.stage,;.the growing degree units (GDU). associated with the time and a
. combination GDU - solar energy factorll (STU) association with days in
’QQQQaF§9399t1Y938?°Wth~Btage'._Ihe beating‘of these parameters on yield
will be considered.‘. . _ N ‘ » o
Twenty hybrids were grown for 2 years at Mhad NE, in 3 replications.
under irrigated {240 000 plants/ha) and dryland (20,000 plents/ha)
Aconditions..-Fertllity levels -were adequate. Growing degree units were

” Ll

Vcalculated according to the following formula using 12, 15, and 18 C

base temperatures.

odd . . .
Solar-Thermal Units = GDU)erangleysv'v

vi/ .Caprio, Joseph M.’ 1971:. The-Solar-Thermal:Unit Theory in Relation to
--Plant-Development and - Potential: Evapotranspirationf)1Circular 251.
Montana Agr. ‘Expt. Sta., Mbntana State University.vﬁBozeman, Montana
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‘Total energy is in Ly/day and PAR is photosynthetically active radiation

Shmpy (A% "y
in microeinsteine/aq. cm.

@ o
L Table 1 contains daya in growth atagea and energy data by genotype.
'Conditione at Mead NE., are auch that GS3 days exceed days in other growth
etagee by 15 to 28%. PAR received is about the same in G82 and GS3 .but was
on the order of 16% leaa than that received during GSl. Similarly total
‘Langley 8 received during GSp and GS3 were about 18% less than in GS,.
Average radiation values per day show GS; to be the highest and GS3 to be the

lowest.

Table 2 GDU and STU values reflect the fact that GS2 days are warmer
and generally longer than GS; and GS3 days. GSj days are particularly cooler

and likely have a higher percentage of cloudy days. GDU's required for GS2
and GS3 are about equal and exceed necessary GS1 GDU by 10%.

Irrigated yields (Table 3) exceeded dryland yields only by 10.37%.
Irrigated kg/ha/day (dry matter accumulation rate) exceeded dryland values
by 7.6%. Presumably dryland environmental stresses reduced metabolic efficiency
by 7.6% which is almost enough to account for the average yield reduction of
10.3%.

Table 4 shows reiationahips between GDU and STU and agronomic characters
in 1972. The r value for yield and GS3 days is significant in both cases.
From 23 to 48% of the variability in yield related to variability in GSq days.
Surprisingly seed number does not correlate with yield. Seed number does
correlate generally with different energy value expressions doring GS, when
seed number potential is set.

Table 5 illustratea relationships between GDU and STU and agronomic

characters in 1973 during which year the GS3 period was longer and cooler.



Irrigated yields related significantly to all GS3 energy expressions with

EBAEE ayd o

r values of about 0 5. The unusually cool GS may relate to the absence

jof correlation between yield and GS3. While data for 1973 do not show

SEb s

K

a meaningful association between yield and GS3 days this association was

L
P A

significant in 1972 and also in tests from previous years.
A‘h: Mhnowledge of the general requirement of 260 to 300 GDU (15 C base),
1Vabout 1460 STU, or about 500 Langleys for the respective growth stages
should be useful in evaluating where sorghum culture may be possible in
LDC's if limited climatological data for the area in question are available.

hrAlso some estimation of adapted maturity class should be possible.
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Table 1. Days, photosynthetically active radiation (ue/cmz), and Langleys for

w1t ieach;growth stage -(GS) for 20 genotypes averaged over. 4 experiments
Ain 2years.: C
Genotype Days PAR x 102 Langleys
GSy‘ GS;° GS3 - GS; GSy - GS3 ' GS;.  GSy GS3

820l 44.5 34,7 46.2 2325 1690 1684 25401 18105 18341
E592 40.2 37.0 47.1 2087 1824 1776 . 22685 19726 19292
828l 44,3 35.0 47.0 2302 1718 1717 25196 18367 18679
E572 39.8 35.4 45.9 2068 1733 1790 22582 18691 19399
Nb 691 42,6 35.5 49.7 2223 1737 1801 24274 18649 19560
c42¢2 38.7 34.0 45,9 2004 1660 1852 22246 17598 19963
8331 42,8 34.3 47.5 2231 1670 1790 24377 17940 19412
Nb 635 36.3 37.4 48.5 1878 1839 1900 20831 19560 20503
Nb 634 36.8 36.9 48.7 1902 1818 1912 - 21056 19369 20649
Acco R109 39.0 36.6 46.4 2040 1781 1789 22160 19328 19405
c42v2 38.2 33.9 44.6 1994 1639 1836 21957 17560 19794
RS 626 35.3 34.3 39.7 1841 1668 1697 20405 17865 18118
Exel 808 39.5 37.0 47.0 2049 1823 1791 23532 19486 19445
RS 671 39.7 36.3 44.5 2058 1786 1717 22564 19153 18598
2663 35.7 38.2 43.3 1856 1866 1757 20522 19924 18991
22263 40.7 34.8 46.1 2127 1682 1810 23158 18199 19644
8451 39,5 36.3 45.7 2049 1785 1763 22697 18917 19105
F642 44,2 34,3 46.8 2296 1682 1733 25133 17991 18846
RS 625 34.0 35.6 38.5 1783 1726 1662 19677 18545 17753
2333 32,7 34.2 40.8 1708 1658 1797 18903 17802 19209
Ave 39.4 35.6 45.5 2048 1740 1774 22499 18636 19190
Ave/day 52.0 49.9 39.0 571 524 422
1 Pioneer

2 pekalb

3 Northrup King
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SR R e 3‘£ SRV PRE LS B

?*Growing degree units‘(GDU) at- base‘ls‘ C “and’: solar ‘thermal units
(STU) for respective growth stages in 20 sorghum hybrids.

..Genotype! i ... GDU_ . . . STU x 102
o Gsy1': GS2 . GS3. GS3} - GS2-°. GS3.
8202 301 280 261 1695 . 1471 1161
E59 254 304 279 1404 1643 1272
828 300 281 263 1678+ 1488 1170
E57 251 286 297 1394 1525 1386
Nb .691 278 291 278 1560 1541 1238
ca2g 246 274 - 314" 1377 1433 1487
© 833 281 276 284 1572° 1459 1297
Nb 635 234 292 308" 1322 1529 1454
Nb 634 237 293" 305 1328 1543 1433
 Acco,R109 243 299" 294 1353 1591 1366
C42Y 237 277 313 1342 1445 1503
RS 626 224 276, 298 1287 1434 1450
" Exel 808 249 302 285 ©1390- 1609 1314
RS §71 250 295 286 1393 1575 1329
266°, 227 298 305 1291 1554 1447
222 262 285 286 1471 1510 1330
845, 251° 293 290 1414 1546 1347
F64 298 274 269 1670 1450 1209
RS §25 212 291" 290 1219 1515 1416
233 203 279 310 1174 1450 1531
" Ave 263 287 290 1425 1513 1352
-Ave/day- - 6.68  8.06 - 6.37 36.17  42.50 25.70
L Pioneer
2 pekalb

3 Northrup King
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3 Northrup King

‘Total grain yleld (kg/ha) and kg/ha/ GS3 day for sorghum hybrids from
_‘;" 1rrigated and dryland plots for 2 yeare. , )
Genotype Irrigated Dryland Overall
. kg/ha  kg/ha/GS3-day kg/ha kg/ha/GS3 day kg/ha kg/ha/GSy day
8201~ 8147 172 7455 165 7801 169
E592 8409 177 7933 170 8171 174
8281: 9171 195 8016 171 8594 183
E572: 8275 176 7050 158 7663 167
Nb 691 8848 174 8021 165 8435 170
c42¢ 8879 192 7269 159 8074 176
8331 8437 176 7980 170 8209 173
Nb 635 8622 175 7711 161 8167 168
Nb 634 9019 185 7811 161 8415 173
Acco R109 8395 178 8206 180 8301 179
c42y2 8206 177 7338 171 7772 174
RS 626 8421 210 6973 178 7697 194
Exel 808 8259 173 8293 179 8276 176
RS 671 8813 196 7946 131 8379 188
2663 8571 194 7822 184 8197 189
22263 7822 165 7460 166 7641 166
8451 8663 186 8093 181 8378 183
F642 7988 168 7543 " 163 7766 166
RS 625 7809 204 6604 171 7207 187
2333 8576 209 7625 188 8100 199
Ave 8467 184 7657 171 8062 177
1 Pioneer
2 pekalb



:Table 4. The regression of mean yield and seed number on’ -mean® GDU, -8TU;: Langleys, PAR and days for 1972~~

irrigated and dryland sorghum. Means arefrom 3- replications. o e w1 A
Irrigated s o
cpuy L/ GDU, GDU, STU; © sTU,” - STU; - Langleys’ &  PaR Seed #
Yield , GS3 ’ ; '
2 .00946 -00110  .00623  .01128  .01363  .00396 .11054 .06875 - .23337*‘ ' .13954
2 .0973 .0332 .0789 .1062 +1167  .0629  .3325 .4831 =2 .3736
] . < ~ G ' * 4}," . Ay | - f“ ) L
GSZ ‘ b :
r2 .07748 -05611  .02300  .08730  .07188  .04444 .11333,
r .2784 .2369 - .1517 .2955 2681 -2108  .3366
2 .29753 -32300  .32614 41551  .42355  .40829 27435 &
r +5455% «5683k%  57114%  _6446k%  ,6508%%  ,6390%* 5238k 4179 b
Dryland L
; GDUy GDU2 GDU3 STU; STUy STU3 Langleys . ‘Seed ‘#
~ Yield GS3 S L o
r2 .00148 -00396  .00011  .07998  .09033  .04892 218431 ‘_‘3,.08752  .47823 209404
r .0385 .0629 .0105 .2828 .3005 2212 4293 .2958 ;:;;,.6915**' +3067
GSy S Eg
r +6314%* . 5983%%  .5051%  .6370%%  .6054%% 5290k +6618%% - . .6578%%  6283%%
E | MR
- x2 .15769 -16136  .15788  .21394  ,21450  .20293 .15400 11695 .69660‘”
r .3971 4017 23973 .4625%  .4631%x  ,4505% 3924 3420 . .3108.

: .;.1/ Numbers 1, 2& 3 following GDU and STU notations indicate 12 15 and 18 C t:emperature bases used in calculations.
2/ M:l.c::oe:l.nst:eins/cm2 ' :



Table 5. The regression of -mean yield and seed number on mean GDhU, STU, Langleys, PAR and
irrigated and dryland sorghum. s

MEans are from 3 replicationms.

days for 1973

e
37

Irrigated , - . - L. # ?ﬁ
e, e, GDU3 = STU; STU, STU3 Langleys  PAR2/ - Days" -
Yield ' . GS3 - T T =
r2 .32829 .26203  .21650  .24208  .22253  .21226 .20064 . 20768 .00112
r .5730%%  .5119%  _4653%  .4920%  .4717*  ,4607* S4679% L4557% - .0335
_ . GS2 : ; -
r2 14031 .14684  .15823  .19405  .19900  .20643 .17284 14653 .11387-
r 3746 .3832 .3978 4405 J4461%  4543% <4157 .3828 .3374
Seed # ) ; "
r2 .03699 .04127  .04603  .06751  .07250  .08174 04946 .05798 - .02225-
T .1923 .2032 2145 .2598 2693 .2859 2224 1.2408 .149zﬂ
Dryland _ | :
GhU GDhU2 GDU3 STU1 STU2 STU3 Langleys PAR: Days
Yield GS3 L '
r? .02953 .04130  .04911  .02837  .03358  .03922 .02547 ".02331  .05841
r .1718 .2032 .2216 .1684 .1832 .1980 1596 $.1527 2417
GSo -
r? .06450 .06641  .06474  .04053  .04140  .04273 .03714 ' .04799f[ ¢05733
r .2540 .2577 .2544 .2013 .2035 .2067 .1927 .2191 .2394;
Seed # : . . &
r2 10210 .10388  ,10150  .08462  .08603  .08853 .07889 .10302  .09484
r 3195 .3223 .3186 .2909 .2933 .2975 .2809 .3210 <3080

Seed #

.00005
.0071

1/ Numbers 1,2 & 3 following GDU and STU notations indicate 12, 15 & 18 C temperature bases used in calculations.
2/ Microeinsteins/cmz. : 4 :
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se LECTldN.FOR ROTEIN I GRAIN SORGHUM
w M Ross. J W Maranville, and K. D. Kofoid

i

ln 1970;'ombine height S] s hav1ng agronomic acceptability were selected
'n*rom KPlBR at;Mead Nebraska, and this new population was later designated
NP7BR. Each S] head was threshed ‘the grain weighed lOOO-kernel weight |
calculated and protein (Udy) determined The upper and lower l5% of -547 heads
were: composited as high and low protein subpopulations. The selected populations
were sent to Puerto Rico during the winter of 1970-71, but little: seed was set-
on the antherless male steriles so recombination was repeated in the: states.
Thereafter, selection was done in even years “and recombinations made in odd
years to the present time.

Data collected on the heads used in each cycle ofxeach subpopulation
are summarized in Table 1. The 1975 season involved recombination, and |
new selections will be made in, l976. For reasons to’ be presented the
experiment soon will be modified but meanwhile an analysis of progress to
date is attempted ] |

Since different years are involved, and yield levels are related to protein
levels, 1t is hardly valid to compare one year to the next with reppect to :
absolute protein values(in high or low groups. Perhaps a better indicationh
of progress is to 1ook - at the difference between highs and lows on a '

population basis or on a; selection basis to see if the differences are increa51ng.

&

N
I

These percentage differencesg

af;'summarized as follows
opulations Selections
870 e 3.3
‘19723 070 3.95
1974° 2.62 5.47
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It“is,apparentvthat two contrasting groups are. emerging through malei

mass selection, buu;the low group may be progressing at A, faster rateﬁq More
conclusive evidence can be attained only:, when successive cycles of material
are compared in the same year. ‘
The influence of yield is, readily observed in that the high protein,
heads :hava genenallyibeen!lower yielding and have hadia lower seedJnumber than
the low protein”heads.v As a. result, protein yields have been changed relatively
little, ,and unless this can be done, the breeding. must be deemed ineffective.
Seed weight also has been slightly in favor. of the low protein groups.
Correlations among the several characters made on. the ‘high and low‘\
selections are listed in Tables 2 and 3 for each successive cyc&e. The data
in both tables are similar in that grain yield is highly correlated with seedv
numbgr&andiprotein?yield, In thelcaseﬂof,the,low protein group, yield is
not correlated with protein percent while in the high group it seems to be
increasing]y@moreﬁnegatiye.; In either .group. protein percent has little
relation to,seed number. or seed weight. o ) - |
Though the above data are, of interest, quantitative data on progenies |
are of more. value. In l975 200 S familes were taken from the 1972 and 1974 L
subpopulations and yield tested 1n two replications at Mead Two other 4
populations of similar material selected for yield were also planted On set was
families from the first recombined cycle of Eckebil's NP7BR thesis material, and
the other was NP9BR, which also traced to KP1BR but was selected in Arizona under
avlimited.water“regime. Yield, kernel weight. and percent protein are available
for- each of ‘the S] s used and will be available on the progenies. Meanwhile
the preliminary agronomic data are given in Table 4. As might be expected the
NP7BR population selected for yield oniy was the highest yielding. Even the

population selected in Arizona performed well in Nebraska. Also as expected
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zthe“lowfprotein populations in both cycles outyielded the high protein

TN
3

populations’~

No apparent yield differences were noted between cycles in

eithervgroup, but the 1974 families in each ‘case seemed to be earlier: The@”

experiment will be repeated 4n l976.. ‘ it ?”**I*“5 TR

The need for progeny testing becomes apparent when ‘one considers data

,re;onstructed from Eckebil s research Though his primary interest was’ in Sk

?yieldiuprotein analyses were available on both “the’ 51 s and‘on the: S]

progenies of NP7BR’ used in his’ study. The S] progenies were ‘yield tested in‘
1972 and 1973. “and these results were correlated with the same data from the
S] s (Table 5 ) Unfortunately. the parent-offspring relationship 1s almost
nil as determined by s1mple correlation. However. the correlation ‘between
years using progeny data is quite good B h

For these reasons and because NP7BR carries the antherless gene which
:gives poor seed set during recombination and which induces biases in yield
trials if uncorrected new protein breeding materials are’ being developed
Selections have been made in broad- based Purdue populations ‘for shorter; -

earli“r ypes, and these ultimately will be' blended with the best’ protein

selections from NP7BR. Improvement then will be undertaken on a “Family

testing basis using both yield and protein as selection criteria.



Téb]é L Agronom1c and protein data on populations and selectlons;‘;

Year and '
popu]ation_/

No.
heads

Grain yd., g/head Kernel wt., g/l‘l

Seed

‘no./head .-

Mean

. S.D.

S.D.

Mean

s.D.

Protein, %

Mean -

L f Prote'lnxyd

50,

1970 base -
dhigh,Sel.
Tow sel.
1972 high pop.
v low pop.

high sel.

low sel.
1974 high pop.
Tow pop.

high sel.

Tow sel.

547

91

289
487

47

62

243

295

52
55

44.5

36.5
48.7

69.7
66.6

52.6
68.4

'39.8

44.9

32.0
48.0

13.74

11.34
12.81

21.39
16.12

14.70
1658

12.27
13:20

8.70
12.29

Mean :

23.9°

23.2

24.0

21.9
23.3

©20.2

22.1

21.0

21.5

19.6
21.8

4. 02

4.65
3.86
4.22
3.97
4.69
3.52
4.31

3.85

4.72

3.29

1903,

1612

2063

3212

2904

2683
3140

1936

2121

1701
2211

623,1,- .

535:8° -

598.5

907.7
731.6

744.3
809.6

579.1

607:0 -

489.4
898.4

12.2 -

141 ©

10.7

15957 1.
1n.2

13.8
9:0° -

12.7

10.1. .

14.4

8.9

G ey -t
22 Py i

-l -y
et T g

W W
-t QO

et it Pl
Foipg.s mmh o Sl

L]
-
-0

709 -

,1] S1's taken

f) e

from isolation in years indicated at Mead, ‘Nebraska; selections recombinéd in i971f=19i3, aﬁh;19f5;

A.19t3?@
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grownat Mead, Nebraska.

Correiation data on high protein selections,from successive cycles

Protein y1e]d

"t Kernel welght @ Seed mo. & . R
per 1000 : per head : Protein, % -x(gr. yd. x-
| . : : | % protein)
Fa— j% v e '
Grain vield 1970 0.237% 0L771% 20066 to gogw
' 1972 0.432%%  0,613%* -0.291* 07987+
1974 0.357%% . 7 0,529%* £0.347% /05985
Kernel weight 1970 -0.402%* -0.206 0.216*
1972 =0,418%* -0.416%* 10,386%*
1974 =0, 579%* ;p 116 ao 367
‘Seed no. 1970 0.109 ?0'781**
. 1972 +0.122: 0,649%*
' 1974 - £0.19%" 0; soa**
‘Protein 1970 0. 048
1972 -0; 140
1974 0,186 7
o | N < I =

‘1...1 i
_j In 1970 n= 84 of 547 oF 15 4%

o BIn 1972, n = 47 of 289 or 16.3%.
In 1974 n= 52 of 243 or 21.4%.

i S1gnificant at the 5% 1eve1.,
e 'Significant ‘at the 1% level.’
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Table 3 . Correlation data on low protein selections from successive cycles
grown at, Mead’ Nebraska. N

BT TR At
| S Kernel weigh;w, Seed'no. .t TN Y 4 protein yield
Trait!/ s per 1000 ¢ per head : Protein. %. (gr. yd. x
B S S S AL protein)
Grain yield 1970 0.136° 0.822** - =0,026 0,991 %+
1972 0.293* - 0.795%* - 40,072 ¢ 0.992%*
1974 0.493%* 0.797%* -0.069 0.979%*
Kernel weight 1970 ~0.429%* -0.046 0.140
1972 =0.324%* 0.295* 0.332%*
‘(]974 -0.111 -0.109 0.470%*
Seed.no. 1970 . -0.036 0.813%*
1972 -0.139 0.761%*
©1974 - - - 0.024 0.793**
Protein 1970 0.103
1972 0.195
1974 0.132

1/ In 1970, n = 91 of 547 or 16.6%.
In 1972, n = 62 of 487 or 12.7%.
In 1974, n = 55 of 295 or 18.6%.

* Significant at the $% level.
** Significant at the 1% level.
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‘Table 4. Yield and days to bloom of 200 S; Families each from
siccessive cycles of protein selection “compared with
related material selected for yield 1/

tYéEF}wsburce and population  Yield, kg/ha. ... .. Bloom,. days.
1974 WP7BR - Eckebil 3010 a, 167 b,
“1974 NP9BR - Arizona 2801 b, 67 b
1974 low protein 2672 bce 67 b
1972 low protein 2612 ¢ 69 a..
1974 high protein 2409 d A 66 ¢

1972 high protein 2365 d 69 a

{1/Planted 6/7/75 at Mead, Nebraska, in two replications oﬁié%hg]e-
row plots.
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Table 5 . Correlation data of 5;'s and £ﬁé¥éfpﬁdgébié§;2]"

e §

Trait N 1970 S1's versus

T 972 1973 ' 1972

. . Pprogenies progenies ‘Mean. . vs. 1973

Grain yieldperhead d.;id  0.086 o.q"sti 70,6514
Kernel weight pe? 1000 0.050 0.061 0.059 6.751**
Seed no. per head © 0.008 0.051 0.029 0.683%*
Protein, % -0.035 0.030 -0.003 0,655%*
Prote‘ln yield 0.020 0.058 0.043 0.661%*

‘1/ Bééed‘oﬁ ZOO'rahdom Sl's selected from NP7BR at Mead, Nebraska, in 1970
‘and grown in two-replications of single-row plots at Mead in 1972 and 1973.

** Significant at the 1% level.



SORGHUM BREEDING AND GENETICS
W M Ross and K.VD Kofoid

_ orghum Random-Mating Populations

}Development and use of random-mating populations make -up-a-major- -

‘effert in the - breeding program at Nebraska in addition to a conventional
Tline and hybrid phase. Many inquiries ‘aréiade about the constitution of
these populations, their use. and availability. " The populations which we |
have developed are listed 1nzTable 1 for reference and may be'used to

| complement somé’of ‘the studies' which follow.

A numbering system has been adopted so that some degree of uniformity

X
N -'\1 It

exists among the states which are working with populations. The designation
consists of three: basic parts: state prefix; number and suffix. The

suffixes B, R, and BR refer to the type of germplasm that went into the

weh x—f S

composite and the expected use of lines that can be obtained through inbreeding.
It is anticipated that relatively few of the populations will be formally
)released but'thev!are availablesto public agencies in this country and
abroad so long as seed supply is available. Newer ‘populations. carrying
greenbug resistance, better grain quality, or other desirable attributes
should be more valuable than some ot the first developed populations. As
with lines, recurrent selection procedures are being used to improve
populations either through routine breeding and selection or through
experiments which involve family testing. The latter furnish much needed
information in the«area of quantitative genetics and, at the same time, have
considerable practical application to sorghum breeding in the lesser developed

countries as well as to. the commerical breeding programs in the developed

oations.
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a'e f
g flu

Table 1. Random-mating populations developed ﬂy USDA. ARS University of

NP15RZ/ msg

"NPTSBR - ims3
NPI7R msy
T £ Tt Yo
_Np18s ms3

Nebraska.
Population Male-sterile : No. : Brief description
Py gene “lines ¢ o By Cherronont
Nglqgl( . MSgy MSg i}gq ~ Basic grain and forage varieties,'selected
o S S - for ‘shortness and earliness.
npagl/ omsge -9 Improved U. S. B lines.and varieties. .
NP3RY T msgt 31 Improved U. S. R lines and varieties.
'NP4BR © msg 19 - Similar to NP1BR, less selected.
NPSR- nSg - 140 NP3R x conversion lines and introductions.
NP6B 'msg 32 NP2B x conversion lines and introductions.
NP7BR al 218 KP1BR source, protein selections.
NP8BR ms3 98 Martin ms3 x conversion lines2, .
NP9BR’ al 218 KP1BR source, drought tolerance, cooperative
with Arizona.
NP10BR msg 360 NP3R x CIMMYT lines, cold tolerance.
NPllBR al 218 KPlBRvsource, corn borer resistance,
S cooperative with Iowa.
NP12B msy 48 - NP2B x yellow B lines.
~ NP13B ms, 231 NP3R x yellow R lines.
NP1482/ ‘msg - NP6BZ x greenbug resistant bulk,

cooperative with Kansas.

NPSR-2 X greenbug resistant bulk,

cooperative with Kansas.
NP8BR x NP10BR, cold tolerance.

Short, early selections .from Purdue.
protein populations.

Short. early selections from Purdue

- protein populations. ...~ e oo

1/ Released .and registered in Crop Science.

2/ Release anticipated under a regional number (RPf:


http:versftyr.of
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Evaluaiion of Bsse Populations for Yield

Plant breeding methods based on population improvement can.: be

«successful only if two conditions are met. l) the populations themselves must
be high yielding and/or possess other attributes of 1mportance so that effort
is not“wasted on working with germplasm of little value, and 2) suffieient
vaniabildty&muStvexist in the:populations so that improvement .is possible.

;mihesyieldaleveleoﬁ several .base (unselected) random mating populations
have been:evaluated:at Mead; Nebraska, for a period of time;(Table 2), and the
-datazarezof considerable:interest. Entries were not uniform<for the period
-as znew:populations:were added:in lQZQ,ebut.five populations were tested for
4 years.;+RS:626:and:RS 671 were .included as checks.

The,l972+75wperiod«representsftwOﬁdistinct sets of climatic conditions in
mhatﬂ972-73 was extremely favorable for sorghum production with adequate
m01sture while 1974-75 was characterized by heat and drought stress. The
populations common to both periods performed relatively better in relation to
the checks in l972-73 than in 1974-75 indicating that the variable germplasm
did not have any unusual buffering-.capacities as is often surmised. Yield.
levels of NP3R and:NP5R were virtually equal to.the checks in 1972-73,.and the
4-yearvaverage:yield:offthesevtworpopulations (about 90% of the checks): is-
encouraging.'m o | -

Populations NP4BR NPGB. and NPBBR were added in 1974 and seem to be even
higher yielding than NP3R and. NP5R. - More base populations will be tested.in
19765 <particularly those carrying greenbug resistance and yellow endosperm.
NPlBR, NPZB, and NP7BR are obviously low yielding for reasons of either rigid

- selection during development or because of a narrow germplasm base. Of these.
‘3only NP7BR is being used in experiments (puotein selection). and ‘that study is

seatil ol wl Bt liiesr b beemnied

1relatively short-termed



‘169

In the 4-year analysis a population X year interaction (P x Y) existed
as might be expected, but populations (P) themselves were relatively more |
important. A comparison of P with P X Y mean squares from the analysis of
variance gave a ratio of lO 9 to l and the variance component ratios :
( vs. 02 ) were 3.3 to 1, which is stil1l of considerable magnitude. These
data indicate that a preliminary yield test of an unselected population for a
period of 2 years (or perhaps two locations in'1 year) ‘might be a prudent step

prior to the launching of full-scale family tests.



- Table 2.

Yields of popu]atwns and checks grown at Mead, Nebraska, 1972-75.1/

‘4«,,

,:A

';.‘_popu]ation Yield, kg/ha Avg. yield, kg/ha Z yield of RS 626
1972 1973 1974 1975  1972-73  1974-75 1972-75 1972-73 1974-75; 1972-75
NP1BR 4698 4572 2255 4148 4635 3201 3918 '§4.q; Ag' 68.7 ;§77§§
- NP2B 5325 Ml87 2513 428 4756 331 4088 869 726 80,3
©NP3R 5762 5372 2616 4822 5567 3719 4643 10170 - 79.8 ,ﬂglgﬁ
NP4BR - -- 2965 4928 - 3947 -- -5 ey &
NPSR 5633 5397 238 433 5515 336 4440 © 100.7 i%‘z 87,6
NPGB: -- - 3188 5014 -- 4099 - A T
'_-NP?BR' 4720 3923 1640 331 4322 2585 3453 78.9 55 5 ?5g§1 ~§%§i;
NPGER - - 303 a8y . - 037 -- - : s
RS 626 5368 5583 4162 5157 5476 4660 5068 1m4 ilmo 1@%
RS 671 5855 5512 3023 5387 5683 4205 4944 1@3.8 90.2 f922§
Mean 5337 4935 2776 4643 5136 3710 4362
LSD (.05) 595 610 270 542 770 577 524
V(%) 9.5 10.5 8.4 10.1 10.0 9.9 9.8
_'l_/ 15::' egl ':‘c:tiggsmwere grown each year in a RCB design; harvested plot area: was two <rows.‘ X 4 5 mrx ;76 n»xk“or
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Comparisons of NP3R"Subpopulations

[

- iThe. NB3R.base population. is considered.to bgﬁpngb1921fMg§q?sggg§ezgfger
one-random;mating.at. Mead. in.1970. and. two.more in Puerto Rico during the winter
of 1970=71...1n,1971.and the years following,NP3R was plgpted;angr both, ,‘
irrigated and nonirrigated isolated conditions at Mead and maintained through:
half-sib selection. . Ih;19ZJ‘the base population was.maintained separately
from the: dryland block, but this was.not dome subsequently since they were
handledftheusqme. -

In 1971 male mass selection was practiced in the base block of NP3R
through selection of Sy's. These were recombined during the winter for
subsequent mass selection, and a cycle per year has been accomplished to date.

The several sources of NP3R from three consecutive seasons were yield
tested at Mead in 1974 and 1975 to see if any gains had been made through
mass selection and to see if unconscience selection had been practiced in the
dryland and irrigated subpopulations. Checks were added for yield comparisons,
and the data were analyzed as a randomized complete block with the checks and
as a split plot design without them. Data are presented in Table 3.

Several conclusions can be made from the experiment:

1) Three random matings did not materially effect the population’s

performance though two of them had been made in Puerto Rico.

2) Subsequent random mating under dryland conditdons did not change the
performance from the initial random matings except some effort was
made to reduce tall height mutants and tall segregates. Maturity may
also pbssibly have been shortened..

3) Propagation under either dryland or irrigation made no difference
in performance under dryland testing conditions. Irrigited yield tests

were not- made.



4) Hass selection apparently was ineffective in 1ncreasing yield while

| f} undesirable shifts to late maturity and taller height were apparent.

as “selection” was *$omewhat iore’ severe “in"1975, but if future yie]d tests
'continue to show no’ gains, ‘the' breeding ‘method" w111 ‘be’ dropped ‘in’1ieu’of more"
successful systems Tike S] progeny testing ‘which'{s* already being used'with: ‘.

[5 e «-li'v'-'mé-" iy RECISTINE SR s N AR N T ‘:"’ai R R e

NP3R.

»hpﬂa%w&s“éiéa“éf&ﬁhﬁunder dryiandland*irrigatibn"in*i97¢“and>1975,vand
tentative pians“aréytb:sEIeEt'Sj'sifrem?Bbth‘Suppopulations*in1976%“yie1d'
test them in 1977 under both dryland and irrigation, and employfdrought-heat:

tests in cooperation with C.'Y. Sullivan.:
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Table 3. Mean agronomic data from various roups ahd sources of NP3R and, checks
oo grown -at Mead, Nebraska, 1974-75. 17~ _ :

K

Population, and source, . Bloam, days.. Hetght, on _Yield, ke/ha

NP3R-RM1 ;- Mead -1970 - SBla 0008 30443
‘ -RM2, P.R. 1970 62 a "~ 104 'a 3096 a
+=RM3; :PiR.1971: o62:@: ... .. 104 a 3016 a ..
Mean?/ - _;62'(b)§1 .- 103.(b) - 3052 (a)
Npsn-mééé";s"é?‘ﬁ':’;'ﬁ”ii."i‘éﬂ"?é' ‘66"a' O N6 a 3198%a
2i'emass Sel.3:PsRe:1972=73.  166;a. 117 a .3080 a
-mass sel., P R. 1973-74 _67 a_ 117 a '3073 a_
Mean 66 (a) 197 (a) " 3117 (a)
-+NP3R-dryland, Mead: 1971 60 a... - .. 97.a: 3089 a
-dryland, Mead 1972 60 a 95 a o 2973 a
yw=dryland, Mead 1973. - 60-a . 95 a . 3043 a
CoaMean o o oo 60 (d) . .96 (d) 3035 (a)
Npsn-m'-‘i‘g’.‘,“nead 1971 61la - 97a  347a
+=irrig. s Mead 1972 61 a . 97 a 3047 a
-irr1g., Mead 1973 60 a 99 a 3134 a
Mean 61 (c) " 98 (c) 3143 (a)
NP3R-base check .. © 60c. - 101a . 3012 b
RS 626 - hybrid check 68 b 95 a 4097 a
RS 671 - ‘hybrid check .- 75 a % a 3153 b
i ; -excluding . checks. . 0.9 . 3.3 1.4
% 1nclud1ng checks 1.3 4.1 1.8

£33

l/ S1x.rep11cations grown each year in a modified split-plot design. “Harvested
‘Iplot 'area was two :rows:X.: 4:.5.m.x ~76:m.; .. . S N

2/%"For-mean: comparisons, use:DMR:dn (.). .Other DMR comparisons are within sets
of three.
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E“-'?'Family Testing Schemes with NP3R and NP5R
Jan-orn (Ph D.. Dissertation, 973) compared fUll-Sfb (FS). half-81b (HS).
?Sﬁd ST.family testing using NP3Rthil“_Eckebil (Ph D. Dissertation. 1974)

ﬂcompared:NP3R, NPSR. and NP7BR usinwa testing. The two' experiments were

fcontinued into. secon : ycle testing. ut‘were consolidated through«the dropping
fof NP7BR and one’ set of NP3R S] s. The NP3R Sl s traced to the same material,

were handled essentially the same way. and for practical purposes were

’considered equal ;N,7BR is inhcritently low yielding, carries the anterless

'gene,.iskbeing used in a protein study, and does not warrant further

Vexperimentation in this long-term study

# fmhe highest 20% yielding families in each of the‘four populations:of. the

Fr? ii‘,"'

combined experiment were genetically recombined in Puerto Rico during.the
-winter 'of 1973-74; The new‘populations (or subpopulations) from first:cycle
tests.were yield tested as bulks in Nebraska in 1975 when the second cycle

*tests were also conducted. The bulk population testSL(Table 4) help

.,

{establish the realized or actual yield gains in relation to the predicted gains
from the first cycle of family" testing.

l;ﬁiains in NP3R were within expectations if the NP3R base population is
interpreted to be- in a class different from the three family populations..
These gains were from 36 to 62% of that expected which is not unreasonable
considering the usually inflated” broad-sense heritabilities which were in the
prediction equation., Broad-sense heritability allows all families to be

,compared together as narrow-sense or true‘heritability based on additive '

genetic variance 1s not available from u] sw lone as with NP5R. The gains
seem to be significant when yields are related to RS 626. -While the base
NP3R averaged 81% of the check hybrid. 1mpooved populations ranged from 84
to 87% of RS 626. If these' evels can be maintained, eventual elite sub-

‘./’

populations of NP3R should approach RS 626., This must be demonstrated


http:four:populatons,.of
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experimentallv. however.
Gains were not so high or perhaps nonexistent with NPSR with only a

,L'v .“x.

2.9% increase.' This was only lO% of the expected gain. Several reasons may

Wiy s R

account for the relatively poor performance of the selected NPSR First,
1 [

‘limited seed was obtained from Puerto Rico after recombination and may not
have represented a good sample.‘ This was apparent from the largewnumber of
tall plants in the isolation block at Mead in l974 where it was difficult to
find new S] s of proper stature for the second cycle family tests. Secondly.
the predicted genetic advance from Eckebil's study was considerably higher for
NP5R (28 8%) as compared with NP3R (16. 6%) However. a lower predicted gain
onuld only aid relative, and not actual. gains. Future tests may help
{resolve these unexpected results since NPSR is known to have 'a moderately
;,high yield potential and ample variability for impuovement.

‘ Two hundred families were made from each of the four populations 1n

R 1974 for family tests in l975. These tests were grown at Mead and Goehner,
Nebraska. using the blocks in replications experimental design of Eckebil's
research. The second location was made possible through the courtesy of

Dr. R. F Koenig, former graduate student and now plant breeder with Funk's

' International Seed Co.

Better experimental conditions existed at Mead than at Goehner as reflected
by the C. V.'s and DMR values required for stgnificance (Table 5). Entries
within populations often interacted with locations as did populations them-
selves. However, the HS and FS means were in a class apart from the S1's with
the S]‘s yielding about 88% of the FS and HS families. This level is normal
and canfbelattributed to inbreeding depression.

lhe mean yield of NPSR-SI families was below that of NP3R families but
at the same relative level as in the first cycle of testing. At Mead in 1972
and 197§, Eckebil's NP5R families averaged about 92% of his NP3R S;'s; at Mead
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' in l975 the relationship was about 94% This indicates that the yield ‘potential

of NP5R at least has been maintained
Table 5 shows that application of moderate pressure for height and

maturity when making up families was fairly effective NPSR from the first
cycle recombination in Puerto Rico was somewhat tall while the families
tested were relatively shorter. Only HS families at Mead tended to be
“éaiiéé than the other three. Maturities of all four populations were about
the same without any apparent shifts. Deviations in maturity too far from
1RS 635 should be cause for concern as should heights which average too far
above:the check hybrids | | - |

y Table 6 summarizes family tests from two cycles. For the most.part che
broad sense heritabilities and genetic advances for yield are 51milar in both
cycles. The second cycle predictions for NPSR S] S were down from the first
cycle and more 1n line with NP3R S1's. As in the first cycle the lowest gains
are expected from HS families. The second cycle predictions were based on
Mead data only due to the high experimental errors at the seoond location.
. The highest yielding 20% families from the 1975 tests were sent to |
Puerto Rico for recombination, and families will be made in l976 for testing
‘1n 1977 Bulk family testing can be done in 1976 or preferably in 1977 when

the families are grown.
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Table 4 . Yields of recombined highest 20%iyielding families:from first cycle tests
compared wi_,!:t;;ba;se populations and checks at Mead, Nebraska in'1975. 1/

Population  Bloom, Ht, N __Yield L
and source days cm . kg/ha kg inc. % .inc. % real./ % of
: : : o : % pred.  ‘RS626
NP5R base 57 105 3688cd  --- -=- - 75
NP5R Sy 61 128 3793c¢d 105 2.9 .10 77
NP3R base 56 108 3951 cd -—- ——- - 81
NP3R S 61 m 4248b0 297 7.5 488/ g7
NP3R HS 58 110 .4123bod 172 4.4 .62 84
NP3R FS - 59 12 4158bod 207 5.2 .36 85
RS 626 60 102 4908a - ——- - 100
RS 671 67 101 4535gh  --- -—- -—- 92

1/ Planted 6/12/75 in six replications of two-row plots.
2/ Mean of two sets.



Table 5. Mean agronomic data from second cycle family-testing methods at two locations' in Nebraska ;

Bloom, days " Height, cm Yield, kg/ha’

aPopulation ~~ Mead Goehner Combined Mead Goehner  Combined: Mead Goehner

e e -

- NP5R Sj 60 a 63 a 61 a 109 ¢ 122 a 115 a 3781 ¢ 4655*¢‘é

¥

" NP3R HS 57 ¢ 63 a 60 a 124 a 120a  122a- 4533.a 5404 "2

NP3R FS 58 b 62 a 60 a ]14;b 122 a 118 a 4629 a 497?4?

NPRS,  60a  62a 6la  115%b 1234  119a 4037 b Ae63c

Mean 59b  63a 61 M6b . 122a 119 | . 4245:b . 49213

cvo(z) 2.1 4.7 3.8 4.8 10.4 8.3 0.4 17,9

1/ Two replications were grown in a modified RCB design (blocks in'repi%cations)'usiﬁﬁ 200 ?éﬁ%fieé@fidm‘gach
population. Planting dates were 6-10 (rep. 1) and 6-12 (rep. 2) at Mead and 6-5 at Goehner. : Harvested
area was one row x 4.5 m x .76 m. i R :

nE e

B
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Table 6 . Yields, predicted fains per cycle, and broad-sense heritabilities from
s ' tWoocycles of family testing for:yield. oy : e

Cycle and - :Family - " -Yield,- - Predicted gen. advance:  Herit-
population type kg/ha kg/h % of mean ability-/

First cycle

NPSR-1/ < - S; (PE) - 5650 1628 28.8 .86
NPR 1/ Sy (JPE) 6160 1017 16.6 .74
NP3R 2/ - $1 (990) 4930 nz 14.4 .69
NP3R 2/ HS (JJ0) 5056 358 7.1 .53
NP3R 2/ FS (30) 5398 770 14.3 .74

Second cycle 3/

NP5R S 3780 - 572 15.1 71
NP3R | Sy 4037 668 16.5 .76
NP3R HS 4533 446 9.8 .61
NP3R Fs 4629 522 n.3 .68

1/ Mead, Nebraska, 1972 and 1973; JPE = Eckebil data.

R

Mead and Lincoln, 1972; JJ0 = Jan-Orn data.

Mead, 1975; second location data not used.

IQ

Heritability is defined here as the ratio of family genotypéc variance to
family phenotypic variance, or

oS

Hs= 0'2:
of + oﬁL/L + a¢/RL

where F;'L, and R refer to families, locations (or years), and replications,
respectively.
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Full sib Reciprocal Recurrent Selection

Jan orn (Ph. D. Dissertation, University of Nebraska, l973) found in NP3R
,that full-51b families yielded higher than half-sibs, which in turn were higher

s”{ # ,‘)

vthan S] s, This fact plus the practical need to developiB‘andﬁR:populations

uth 'ombinehvel;wwith each other prompted a. preliminary investigation of

'reciprocal full-sib crosses.

In l973.bulk crosses were made between two B populations, NP2B andgh?§8,,
and.two R populations, NP3R and NP5R. The crosses, including reciprocals, the
populations, and:checks were yield tested at Mead, Nebraska,. and Lafayette,
Indiana, in 1974:and 1975 with the unanalyzed results presented;in Table 7 .

Though yield levels were higher in Indiana than in Nebraska, performance
of the entries was generally similar. At both locations NPEB was the highest
yielding population while NP2B was the lowest. The two R populations tended
to be equal at Mead, but NP3R was somewhat better at Lafayette. The crosses
were more erratic though reciprocals apparently were equal. NP6B x NP3R did
well at both locations while NP6B x NP5R was Tow at both locations. NP2B
x NP5R did relatively well and was essentially equal to NPEB x NP3R. NP2B
i's a narrow-based population and was not expected to give such.good results.
Additional population crosses need to be studied for their combining ability
potential. | | |

Since both NP6B and NPSR were'uide-based and high yielding in themselves,
it was assumed that they might be suitable populations for a reciprocal
recurrent study involving full-sib families. Crosses were made : on a paired
basis in 1974 prior to theﬂhnoun‘results of the 1974 bulk yield test for a
family yield trial in lngﬁ* Malesiused-in the crosses became Sy's of the
1975 test. ‘Had“the population- cross ‘data‘been+available; NP6B x NPSR might
not have been chosen. However, 150 kg/h in the combined analy51s may not be

significant between crosses, and any cross may be suitable for study.
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The data (Table 8) sunmarize 100 families in each group and:point;out the
~.high, yie]d of NPGB which averaged the same’ as the fu]l-sib fam111es. The
J‘mean of* NPSR and NPGB Sl s together averaged 92 3% of the full-sib families
~which is about the 'same as: -found by Jan-orn: 1n NP3R (91 3%). The full-sib
families in this test were taller as expected which reflects hybrid vigor.
Maturity differences were not great though perhaps real.

Theiexperiheht will be repeated'in 1976, and further analyses will be
made of the relation of the male parent to the full-sib family cross.
Unfortunately, in sorghum the female parent cannot be propagated as with corn,
but crosses can befmade both ways since genetic steriles are used. If a
suitabie criterion is found, both B and R populations can be improved.

Another method is to cross one male to several females, but this involves
considerably more work, and fewer males can be sampled for making up a large

scale yield test.
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vTable 7 Yield data from popu]ation crosses popu]ations and checks at two
GRE A ’locations, 1974:75:1/ oy SgAt Ly HECEERNE

{Entry TR e e ey kg/ha ST [ 2fayette-~yd. ) kg/ha Combined yield
BRLERS 551974;2.ﬂg1975 - Mean.. .. 1974.:.1975. . «.Mean,. . Mean % of RS626

NP2B x NP3R\:  -2888 3745 3316 4452 +8893 (6672 - 4994 ~  86.6
NP3R x NP2B 2920 3899 3410 5007 8577 6792 5101 88.4

Mean ' 2904° 3822 3363 4729 '8735° 6732 5048 87.5

NP2B x NPSR.. 3105 3735 3420, 4288 8183 623 4828  83.7
NPSR x NP28' 2072 3837 3404 4437 8242 6340 4872  84.5

Mean . 3038 3786 342 4362 8212 6288 4850 84.1

NP6B x NP3R 3208 3774 3491 4638 9003 6820 6156 89.4
NP3R x NPGB. 3210 3492 3351 4248 8604 6426 4888  84.7
Mean 300 3633 3421 4443 8304 6623 5022 87.1

NP6B x NPS5R - 3127 3616 3372: 4262  .8437: 6350 4861  84.3
NPSR x NP6B 2988 3296 3142 4460 8528 6494 4818 83.5

Mean” * © -'3058 3456 3267 4361 8482 6422 4840 83.9
NP2B 2192 3199 2696 3998 8934 6466 4581 79.4
NP6B 3073 3612 3342 4408 9317 6862 5102 88.4

Mean 2632 3406 3019 4203 9126 6664 4842 83.9
NP3R 2913 3472 3192 4613 8955 6784 4988 86.5
NPSR 2795 3588 3192. 4305 8755 6530 4861 84.3

Mean \ 2854 3530 3192 4459 8855 6657 4924 85.4
RS 626 4005 4276 4140 5548 9244 7396 5768  100.0
RS 671 2872 4267 3570 3660 8396 6028 4799 83.2

Mean 3438 4272 3855 4604 8820 6712 5284 91.6

iY) Lafayétte, Indiana, data furnished by D. L. Oswalt and K. S. Porter.
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Table-8...-Agronomic. data, on ;Sy. progenies .and. related. full-sib
reciprocal families at Mead, Nebraska in 1975." 1/

TR

Group Days, o Ht, ng..'
daran bloom o Ten o kg/ha
NP6B 58 a 9% b 4748 a
NPSR 57b 92 ¢ 4219 b
NPGB x NPSR 56 ¢ 105 a 4857 a
NPBR x NPGB 56 ¢ 106 a 4849 a
cv (%) 1.5 5.6 10.1

1/ Planted 6/10/75 in two replications of single-row plots;
100 families or progenies tested in each group.
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_'Performance of NP]BR Topcrosses

s 'l" :

SeVem;cytoplasmic male-steriT seed"tock we *“interspersed”in the

/isolation hiock of. NP1BR. for three years,.. 1971 -73;.and. tepcross seed was
'harvested every year from each sterile except Redlan which generaiiy was late
and'set‘little 'seed. In 1974 and 1975 the three yearly ‘'sources of six
topcrosses were yield tested along with the NP1BR base population:and three
Fy hybrid checks. ObJectives were to evaluate topcross performance among
females and to determine if year-to-year variation existed in given female
topcrosses.

Data in Table 9 show that within-year yield differences among females
existed though of a Tow magnitude. The combined data did not reveal statistical
yield differences though trends existed. The yield of NP1BR itself tended to
decrease, and this is not»accounted for since large numbers of half sibs were
saved each year for maintenance without selection. Any drastic shifts in
NP1BR Tikely would be accompanied by changes in maturity which would have
resulted in a different spectrum of crosses to any or all females which in
turn should have been reflected in the topcrosses. This was not apparent.
Averages of all topcrosses by years was 1971 (3976 kg/ha), 1972 (3847), and
1973 (3844) which are nonsignificant.

The data indicate that CK60 and Wheatland are extremely good general
combiners which also has been affirmed through Fy hybrid programs of the past
20 years. However, more males were sampled here in one season than can be
done with lines in a decade. Popilation topcrosses, then, may be a good way
to evaluate new A-B lines from the breeding program for general combining
ability.

Jnst.as populations themselves differ in yielding ability, it is also
likely that their topcrosses differ. It is suggested then that random mating
| populations mot only be tested for yield potential through tests of the base
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pdpulation themselves but also through one or two good topcrosses before
embarking on family recurrent selection schemes were yie]d 1s of prime
fimportance. Experiments need to ‘be conducted for 1mprov1ng the yi;dd of a
random-mating population through family testing by crossing S] s to CK60
wheatland,vor some other.good tests 1ike a sterile F1.Ay1eld testing the
tobérosséé. dnd récombinihg.the"best males based on topcross performance.
Such a breeding scheme would not be difficult to implement and would have
certain advantage over RRS schemes in that: 1) extra crossed seed could be
more easily. obtained by pollinating an extra sterile tester, and 2) crosses

would be identified by males only.
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fab]éifl;' }éy 'rmanéeiof~NPi§k‘ﬁbpbro§§e$ Si'Mééd.'Nébrﬁgkis*ib7af;%éllﬁ
‘Entry Topcross ‘Source- ;  Bloom, days " : CUUMET  em GUVTREE L yd [ kg/ha
Ly v oo 31974 1975 .. Mean : -1974. 1975 . Mean ; 1974 1975 Mean
1 Tx406'x'NPIBR : 1971 672 .59a. 63a 9la 105a 98a 2537a 5012a 3775 a
2. v T 1972 . 66 a 59 a 63 a 91'a’ "102'a - -97:a- 2485a 4510 a 3498 a
3 . .," . 1973 66a 59a 63a _90b 102a _96a 2207a 4472a 3339 a
. Man R AR AR B SR A AN m sgc . m . gl B ‘c..‘ g, 5 za”i 5 [3 a
4 Ticl6 X WPIBR 197 68'a’ 59a- 63a  87b 02a. 942 3149 a 4484 a 3994 a
5 ... " 1972 68 a 59.a 64 a 87 b 100 a 93 a 2912 a 4498 a 3905 a
6 5 DM ninad pa 01973 -968:a C:5Y a.. 64 a 8Y a 10}-a, 95 a 2932 a 4797 a 3864 o
Mean c 53¢ ©®b c 94D a 5bc 392T a
7 0K24 x NPIBR 1971 '69 a 5§ a 64 -a 92 a 98 a 95 a 2732 a 5012 a 3872 a
8 " 1972 6Y a 59 a 64 a 90 b 98 a 94 a 2673 a 4917 a 3795 a
9 " 197 69 a 60 a 64 a ‘88 ¢ 98-a 93 a 2578 a 5108 a 3843 a
Mean c B¢ 50 b 9B ¢ 9% b 2661 b ab 3837 a
10 CK60 x NP1BR 1971 70 a 60 a 65 a 98 a 108 a 103 a + 3063 a 5046 a 4045 a
n " 1972 70 a 60 a 65 a 97 b 107 a 102 a 2930 a 5022 a 397¢ a
12 " 1973 70 & 60 a 65 a 98 a 108 a 103 a 3179 a 5084 a 4132 a
Mean 98 a 106 a 3 a 3057 a 505] ab 4054 a
13 ., Martin x HPI1BR 1N 70 & 60 a 65 a 97 a 106 & 101 a 2939 a 4907 a 3932 a
14 " 1972 70 a 60 a 64 a 97 a 108 a 102 a 2966 a 4840 a 3903 a
15 " 1973 69a 59a 64a 97a 105a 101 a 2889 a 4797 a 3843 a
Mean 700 60 64b 97a Y062 Tola 293Ta d848 bc 3890 a
16 Wheatland x NP1BR 1971 75 a 64 a 69 a 97 a 102 a 99 a 3030 a 5448 a 4239 a
17 " 1972 76 a 64 a 70 a 93 ¢ 102 a 98 a 2896 a 5118 a 4007 a
18 “ 1973 75 a 64 a 70 a 95 b 101 a 98 a 2883 a 5199 a 4041 a
Mean 75 a %4 a a %5 a - [ 98 ab 2936 a 5¢55 a 4090 a
19 HP1BR 1971 62 58 60 92 105 99 2752 471 13732
20 " 1972 62 58 60 93 104 99 2422 4596 3509
21 " 1973 6l 58 59 92 105 98 2342 4218 3280
Mean 3 58 () 92 b 2505 [ 3507
22 NBG34 - 85 64 74 112 118 115 2112 5759 3936
23 HB635 -- 85 64 74 110 116 113 2040 6012 4020
24 NB691 -- 93 73 82 123 124 124 471 5730 3101
Mean 88 67 77 s mng n7 1542 5834 3638
Mean n 61 . 66 96 105 100 2630 5002 3816
LsD (.05) 1.4 0.9 7.0 3.8 3.9 5.2 N9 467 1188
cv (%) 1.8 1.3 1.6 3.5 3.3 3.4 10.6 8.2 9.2

)/ Planted 5/30/74 and 6/10/75 in six replications of two-row plots. Data analyzed as a RCB design including
checks and as a split plot design withput checks.
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Yield of Tuin-Seeded Sorghun

Interest has arisen 1n the past few -years «in' twin~seeded sorghums that
reputed]y outy1e1d normal types.; A J Casady. 'ARS Agronomist, Manhattan.

xeveloped an 1sogen1c Combine Kafir-60 twin-seeded female line having

Kansas,ff

PI 14610 as the nonrecurrent source of the dominant character He made six
pairs of isogenic hybrids using normal R lines which were then grown at Mead,
Nebraska, .and Manhattan, Kansas, in 1975. The Mead data are shown .in Table 10
and pre11m1nary results from Manhattan show essentially the same reults.

As determlned by the ana]ysis of variance, tie mean of the normals
significantly outyielded the mean of the twins. This was due,however, .largely
to two hybrids, RS 650 and 55MH19. Two more, KS 652 and 62MH248, tended to
favor the‘norma]s while the.other two, RS 610 and RS 702, were essentially
equal.

Unless other sources of twin seed are being used which have more pronoanced
effects, there seems to be no practical plant breeding advantage with this
character. It may, however, be of value in physiological studies dealing

with seed development.
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. vieJdsgofgisogenic“anaﬁnofmg1;twin;seedéd hybrids at
» Mead, Nebraska, :1975. .1/~ .

~ Yield, kgfhat
Twini(T) - Normal (N)-.c: . .Diff.(N-T)

Lo T T

5573 6257 684

iS‘z;:ﬁS r“\'s‘"] g 5698 - K500 =198

“ RS 650 “5268"" '6103.° 835

52248 5610 6292 82

55MH19 5568 6620 1052

W

‘ Mean’ 5458 5909 451+

1/ Planted 6/12/75 in three replications of a split-plot:design.
H?rvested area was 4.5 m from the center row of three-row
plots. '

*  Significant at the 5% level.
cv = 8.4%'
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