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ABSTRACT

Two similar field experiments were carried out at Kushkak and Fars Agricultural Ex-
perimental Staties to determine the effects of plant densities and nitrogen topdressing
(NT) rates on forage yield, some agronomic traits, protein and prussic acid contents of
forage sorghum (Sorghum bicolor L. Moench var. Sudenense). Both experiments were
conducted as spilt plots arranged in randomized complete block design with four replica-
tions. Plant density consisted of 25, 33 and 50 plants m™ in the main plots and nitrogen
topdressing rates were 0, 100, 200 and 300 kg N ha as urea in the sub-plots. Increasing
plant density increased main stem height (MSH), leaf area index (LAI), total tiller num-
ber m? (TTN), total fresh forage (TFF), total dry matter (TDM), leaf dry matter (LDM),
and stem dry matter (SDM) yields. However, it decreased crude protein percentages
(CPP) and had no effects on leaf-stem ratio at both locations. Increasing nitrogen rates in-
creased MSH, LAI, TTN, TFF, TDM, CPP, forage prussic acid percentage (FPAP) and
decreased leaf-stem ratio. Optimum plant densities and NT rates for these experiments
were 50 plants m2 and 200 kg N ha™, respectively at both locations. Nitrogen applications
had more effects on the second than the first out. The reaction of forage yields and most
agronomic traits to the treatments were extremely similar at both locations.

Keywords: Crude protein, Dry forage, Fresh forage, Plant density, Prussic acid, Total tillers

number.

INTRODUCTION

Forage sorghum (Sorghum bicolor L.
Moench var. Sudenence) is an important
forage crop in tropical, semitropical and
even warm-temperate regions and is culti-
vated over about 30,000 ha, mainly in the
southern provinces of Iran (28). Comprehen-
sive information on the effects of plant den-
sity and nitrogen topdressing (NT) on forage
yield and quality of this crop is scanty, par-
ticularly as a summer cropping in Fars prov-
ince.

Generally, high plant densities and narrow
row spacing are effective means of increas-
ing dry matter production, but forage quality

often declines with higher plant densities.
Naghshgar (23), and Taleb-nejat (26) found
the highest dry forage yield of the Speedfeed
cultivar at a 30 cm row spacing. The dry
matter yield (DMY) of sorghum-sudangrass
hybrids and Atlas sorgo also increased with
high plant densities (20, 25). Caravetta et al.
(9) showed lower DMY but higher forage
digestibility with lower densities. Halasz
(11) noted the highest forage DMY of MV
301 cultivar at a 20cm row spacing. Ailoie
(2) reported a doubling of protein yield as
seeding rates increased from 10 to 30 kgha™.

Forage sorghum is a highly responsive
crop to N fertilizers (16, 17). Nitrogen top-
dressing is more efficient for regrowth dur-
ing growing the season. Kashani and Bah-
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rani (17) found increased dry forage yield
for Vidan cultivar with NT. Haskins et al.
(13) observed that 120 kg N ha' (1/3 on
planting, 1/3 after the first cut and 1/3 after
the second cut) increased DMY of Sordan 3
cultivar. Bowman et al. (6) reported that N
fertilizer increased DMY and protein con-
tents of Sordan cultivar. Lee and Seo (19),
and Singh et al. (24) obtained the highest
dry matter and protein yields by increasing
N. However, high N rates may increase
prussic acid contents of forage sorghum,
ultimately poisoning animals (16, 21). The
purpose of this experiment was to determine
the effects of plant density and NT rates on
forage sorghum yields, crude protein per-
centage (CPP) and forage prussic acid per-
centage (FPAP) when sorghum is planted as
a summer crop at two locations in Fars prov-
ince.

MATERIALS AND METHODS

Two similar experiments were carried out
to determine the effects of plant densities
and NT rates on the forage yields, protein
and prussic acid contents of forage sorghum
as a summer cropping at Kushkak (52°,
46’E, 29°, 50'N, altitude: 1650 m) (Shiraz
University Agricultural Research Experi-
mental station.), 75 km northwest of Shiraz
and at Zargan (52°, 43’E, 29°, 48N, altitude:
1603 m) (Fars Agricultural. Experimental

Station), 30 km north of Shiraz. Mean tem-
peratures and rainfall of the growing season
and annual means of both locations are
given in Table 1.

Both experiments were organized as split
plot design with four complete blocks on a
Ramjerd, fine mixed mesic, Typic Calcix-
erepts and Zargan fine, loamy carbonatic,
thermic, Typic Calcixerepts soils were used,
respectively. The total N contents of the
soils were 0.11 and 0.13%, before conduct-
ing the experiment, respectively. Both ex-
perimental sites were under wheat (Triticum
aestivum L.) cultivation and were harvested
in early June. Forage sorghum (Speedfeed
cultivar) was planted on June 20 and 26,
1995, at Kushkak and Zargan, respectively.

The treatments were plant densities with
20, 30 and 40 cm row spacings and 10 cm
between plants in each row (25, 33 and 50
plants m~, respectively) in the main plots
and 0, 100, 200 and 300 kg N ha™ as urea
applied to the sub-plots twice- half at tiller
initiation (15-20 cm plant height) of the first
cut and the rest after the first cut, in irriga-
tion water at both locations. Three hundred
kg ammonium phosphate ha” was also ap-
plied to all plots before planting.

Each plot had eight rows 6 m in length.
The plants were thinned or replanted to give
the desired density on July 6th and 8th at
both locations, respectively and they were
irrigated at 10 day intervals throughout the
experiment. Weeds were controlled with a

Table 1. Monthly means of temperature and rainfall of the growing period during the experi-
ment in 1995 and annual means of Kushkak and Zargan locations.

Temperature (°C)

Rainfall ( mm )

Location Month 1995 1976-1996 1995 1976-1996

Kushkak May-June 21.0 21.6 6 1.9
June-July 25.0 25.0 0 0.2
July-Aug. 249 249 0 1.3
Aug.-Sept. 23.8 22.3 0 0
Sept.-Oct 17.4 17.0 33 22

(1982 — 1995) (1982 - 1995)

Zargan May-June 27.1 26.0 7.1 0.16
June-July 27.2 28.2 0 0
July-Aug. 27.1 26.7 0 0.085
Aug.-Sept. 24.1 23.1 0 0.046
Sept.-Oct 18.2 17.9 27.8 2.7
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Figure 1. Effect on nitrogen rates on TTN per plant in 1st cut at Zarghan.

mixture of atrazine (6-chloro-N-ethyl-N-(1-
methylethyl-1, 3, 5-triazine-2, 4-diamine)
(16 kg ai ha') and 2, 4D (2, 4-
Dichlorophenoxy acteic acid) (1 kg ai ha™)
applied on July 12th and 17th at both loca-
tions. The same herbicides were applied at
the same rates at the 2-leaf stage of the re-
growth period.

The plants were harvested at 10 to 20%
heading in each cut at about 7 cm above the
ground at both locations. At each cut agro-
nomic traits such as main stem height
(MSH) (from crown to last leaf sheath), leaf
area index (LAI) and total tillers number
(TTN) per plant and per m* were determined
from a minimum of five randomly sampled
plants from the 2nd and 7th rows of each
plot. The leaf area was calculated by multi-
plying maximum length X width x 0.74 (25).
The mean total leaf area plant”’ was multi-
plied by the number of plants m™ to obtain
leaf area index. Total fresh forage yield was
also determined immediately after harvest in
the field from the two central rows of each
plot in each cut. Then the plant materials
were separated into leaves and stems, dried
at 75°C for 48 h and weighed. Crude protein
was determined according to the microk-
jeldel (3) and prussic acid (only at Kushkak
site) according to the AOAC (4) methods.
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RESULTS AND DISCUSSION

Plant densities and nitrogen topdressing
significantly increased MSH, LAI and TTN
at both locations (Table 2). The profound
effect of increasing plant densities and N
was to shade and increase competition for
light which led to increased LAI and plant
height in both cuts at both locations. Similar
results have been obtained by others (13, 22,
24). High plant densities occasionally cause
lodging plants, but no lodging was observed
even by tillers in this experiment at either
locations. There was a significant interac-
tion between plant density and N fertilizer
rates for MSH, LAI and TTN m™ at both
locations (Table 2). As plant density in-
creased higher N rates had more effects on
MSH, LAIL and TTN m” which showed
higher efficiency of N applications at higher
plant density. However, there was no sig-
nificant difference between 100 and 300 kg
N ha” at both locations which agrees with
the results of Agabawi and Jupines (1).
Tillering started after the third leaf expan-
sion or about 30 days after emergence and
increased considerably from 30 to 50 days at
the first cut (Figure 1). High rates of tillering
at the nearly final parts of plant growth were
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Figure 2. Effect of nitrogen rates on TTN per plant in 2nd cut at Zarghan.

due to higher plant growth rates and higher
available spaces. Nitrogen topdressing in-
creased tillering and tiller survival (Table 2)
which confirms the results of Muldoon (22)
who found an increase in TTN with N appli-
cation. The number of tillers per plant was
not significantly different among N fertilizer
treatments at 40 days after planting in the
first cut and 30 days after the first cut, but it
became different later at the Zargan site
(Figures 1 and 2). Tillering started earlier in
the second cut (25 days after the first cut)

and continued to increase until 20 to 40 days
after the first cut. Total tillers number were
higher in the second than first cut which can
be attributed to better plant establishment
and probably higher growth rate due to more
favorable climatic conditions (Table 1).
Tillering was largely completed at the final
period of stem growth, about 50 days after
plant emergence in the first cut and 40 days
after the first cut at Zargan which was due to
canopy shading. Muldoon (22) also ob-
served reduced tillering of forage sorghum

Table 3. Effect of plant densities on some agronomic traits of forage sorghum during

the growing season at Kushkak and Zargan.

Plant density (m?)

Location Agronomic trait 25 33 50

Kushkak Total tillers number (m™) 208c 236b 321a
Total fresh forage (t ha'l) 40.3c 44.3b 49.1a
Total forage dry matter (t ha™") 6.8c 8.3b 10.5a
Leaf dry matter (t ha!) 3.4c 3.8b 4.2a
Stem dry matter (t ha'l) 3.4c 45b 6.3a
Leaf-stem ratio 0.67a 0.69a 0.69a

Zargan Total tillers number (m) 195¢ 230b 313a
Total fresh forage (t ha™') 36.3c 43.3b 48.3a
Total forage dry matter (t ha™) 8.2¢ 9.3b 10.3a
Leaf dry matter (t ha!) 3.3¢ 3.8b 4.2a
Stem dry matter (t ha'l) 4.9¢ 5.5b 6.1a
Leaf-stem ratio 0.67a 0.68a 0.69a

Means of each row followed by the same letter are not significantly different (Duncan 1%).
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Table 4. Effect of N fertilizer topdressing on some agronomic traits of forage sorghum during

the growing season at Kushkak and Zargan.

N (kgha')

Location Agronomic trait 0 100 200 300

Kushkak Total fresh forage (t hal) 34.8¢ 45.5b 48.8 a 48.7a
Total forage dry matter (tha')  7.4c 9.7b 105a 10.4a
Leaf dry matter (t ha™) 3.3b 4.0a 40a 3.9a
Stem dry matter (t ha'l) 4.1c 5.7b 6.5a 6.5a
Leaf-stem ratio 0.8a 0.70b 0.62¢c 0.59d

Zargan Total fresh forage (t ha™") 34.1c 44.b 48.0a 48.2a
Total forage dry matter (tha') 7.3 ¢ 9.3b 10.3a 10.3a
Leaf dry matter (t ha™) 33b 3.8a 3.9a 38a
Stem dry matter (t ha!) 40b 5.5b 6.4a 6.5a
Leaf-stem ratio 0.82a 0.70 b 0.6 c 0.60d

Means of each row followed by the same letter are not significantly different (Duncan 1%).

plants 35 days after emergence. Although
TTN per plant was higher in less populated
plants, TTN per m”> was higher in plants
grown in a higher population Therefore,
TTN per m” increased with increasing plant
density which is similar to the findings of
Bugger and Campbell (7) who measured an
increase of TTN m™ by increasing plant
density. Apparently, there was a marked dif-
ference between the growth of main stems
and tillers, particularly in higher populated
plants which could be due to higher growth
rates of plants at the first cut. At the second
cut there was no main stem, TTN were
higher, and tillers grew more uniformly than
in the first cut.

Forage yields generally increased with in-
creased plant density in both cuts at both
locations (Table 3) which was similar to
other reports (9, 14, 20). The highest total
fresh forage (TFF) (49.1 t ha™), total dry
matter (TDM) (10.5 t ha™"), leaf dry matter
(LDM) (42 t ha'), and stem dry matter
(SDM) (6.3 t ha") yields were obtained at 50
plants m™ with a significant difference with
other plant densities at Kushkak. The forage
yields probably could respond to higher
plant densities at both locations.

Nitrogen fertilizer rates also increased
TFF, TDM, LDM, and SDM yields at both
locations and the highest TFF (48.7 t ha™)
and TDM (10.4 t ha') were obtained at

78

Kushkak (Table 4). The percentage of stem
dry matter increased with increased N fer-
tilizer which was similar to other results (17,
23, 26). The rate of dry matter production
was higher in 2nd cut due to the decrease of
soil N in 1st cut (absorption by plants, leach-
ing and volatilization), accompanied by bet-
ter plant establishment allowing for better
water and mineral uptake. Similar results
were shown by Bahrani (5) and Harm and
Tucker (12) who showed a higher rate of dry
matter production of forage sorghum at the
second cut. Leaf-stem ratios increased with
increasing plant density at both locations
(Table 5), however, they significantly de-
creased with N application, (Table 4). In
another words, N applications mainly in-
creased stem weight which agrees with the
results of Kashani and Bahrani (17).

There was a significant interaction be-
tween plant density and N rates for TFF,
TDM, SDM and LDM at both locations
which again showed higher efficiency of N
applications at higher plant density (Table
5). The highest TFFY (55.2 t ha') and TDM
(11.8 t ha) were obtained with 50 plants m?
and 300 kg N ha' at Kushkak (Table 5).
However, there was no significant difference
between 200 and 300 kg N ha™ and between
the two locations for TFF, TDM, SDM and
LDM. Therefore, applications of 200 kg of
N ha™' are recommended for both locations.
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Table 6. Effect of plant density and N fertilizer rates on crude protein content (%)
of forage sorghum at Kushkak and Zargan.

N rates Plant density (m )
Location (kgha') 25 33 50 Mean
Kushkak 0 6.7¢ 6.5f 64f 6.6 C
100 8.4 be 82¢ 79d 82 A
200 89a 8.5 bc 8.3 bc 8.6 A
300 9.1a 8.6b 8.4 bc 87A
Mean 83A 79B 7.8C
Zargan 0 6.6h 6.51 6.3] 6.5D
100 8.3d 8.0f 78¢g 8.0C
200 8.8b 84c 83d 85B
300 89a 85¢ 84c 8.7A
Mean 82A 79B 7.7C

Means of interaction of plant density and N rate in each location that are followed by small
letters and main effects that are followed by capital letters are not significantly different

(Duncan 1%).

Increasing plant densities significantly de-
creased crude protein percentage (CPP) at
both locations (Table 6). Higher CPP in
plants grown at low densities may have been
due to luxury consumption of N and / or less
competition among plants for nutrient up-
take. These results agree with Caravetta (9),
Koller and Clark (18) and Worker (27) who
found that protein percentage was highest in
plants grown at low densities. However,
they contradict the findings of Jeon et al.
(15) who reported an increase in CPP with
increasing sowing rate of Sordan 79 cultivar.
Nitrogen fertilizer rates significantly in-

creased CPP at both locations (Table 6),
which confirms the results of Harms and
Tucker (12) and Jung et al. (16). There were
nitrogen and plant density rate interactions
for CPP at both locations (Table 6). The
highest CPPs (9.1 and 8.9%) were obtained
at 25 plants m” and 300 kg N ha' at
Kushkak and Zargan, respectively.

Plant density had no significant effects on
FPAP at Kushkak (Table 7) which was simi-
lar to other results (7, 11, 15). However,
higher N rates significantly increased FPAP
which confirmed the results of Harms and
Tucker (12) and Ghorashi et al. (10) at the

Table 7. Effect of plant density and N rates on prussic acid content (mg per 100
g dry matter) of forage sorghum at Kushkak.

N rates Plant density (m?)

Cut (kgha') 25 33 50 Mean

Ist 0 12.2 12 12.2 122¢
100 12.0 12.5 12.7 124c¢
200 16.2 16.7 16.7 16.5b
300 18.5 19.0 19.2 189 a
Mean 14.7 15.1 15.2

2nd 0 2.5 2.5 2.5 2.5
100 2.5 2.5 2.5 2.5
200 3.0 2.5 2.5 2.7
300 3.0 2.5 2.5 2.7
Mean 2.8 2.5 2.5

Means in each column followed by the same letters are not significantly different

(Duncan 1%).
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Table 8. Effect of N rates on prussic acid
content (mg per 100 g dry matter) of the two
cuts of forage sorghum at Kushkak.

N rates Prussic acid
(kg hal) 1st cut 2nd cut
0 122 ¢ 2.5
100 127 ¢ 2.5
200 16.6 b 3.0
300 189 a 2.0
Mean 151 A 2.5B

Means of each column (small) and row (capital)
followed by the same letters are not significantly
different (Duncan 1%).

first cut (Table 8). The forage prussic acid
percentage of the second cut was signifi-
cantly lower than the first cut, probably due

JAST

Zargan, had relatively similar climate and
soil conditions (Table 1), and there were no
significant differences between them for for-
age yields and most agronomic traits (Table
9). Summer planting of forage sorghum can
produce high forage yields in many parts of
Fars province.
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