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ABSTRACT 
Three fodder species namely millets, sorghum and sudan grass were grown at Agronomy Research Farm of NWFP 
Agricultural University, Peshawar during summer 2002. Objective of this study was to compare growth, biomass production 
and chemical composition of the fodder species under low (90 kg ha-1) and high (135 kg ha-1) nitrogen (N) supplies for inter 
and intra species comparison. Field was prepared with normal cultural practices and planting was done in rows 30 cm apart 
in a randomized complete block design (RCBD). Each treatment was replicated four times with maximum 8 rows per 
experimental unit. Each experimental unit was of 5.0 m length and 2.4 m width. Fertilizer was uniformly broadcasted 
amounting 90 (N), 60 (P) and 40 (K) kg ha-1 at the time of seedbed preparation. High N treatment was subsequently applied 
as 45 kg N ha-1, 25 days after sowing. Planting was done on July 11, 2004. Periodic growth was additionally observed from 
germination to 50% flowering for about 65 day duration. Fresh matter (FM) dry matter (DM) relative water content (RWC), 
plant height (PH), leaf number plant-1 (LN), leaf to stem ratio (LSR) and crop growth (CGR) were recorded. Samples were 
analyzed for ash content, crude protein (CP), in vitro dry matter digestibility (IVDMD). Metabolized energy (ME) was 
estimated from the IVDMD results. N levels significantly affected (P<0.05) FM and DM of millet but did not influence yield 
of sorghum and sudan grass. Millet was highest (P<0.05) in production than any other species. However, sorghum and sudan 
grass did not differ from each other. RWC of all the three species did not show any statistical difference. PH of millet was 
maximum (P<0.05) than sorghum and sudan grass. LN mimicked sequence already explained for PH. LSR decreased for 
millet with increasing N supply. CGR during the linear growth phase decreased significantly for millets under low N. 
Among the fodder quality parameters, all observation found non-significant for the species irrespective of the N levels. 
However, millets showed higher (P<0.05) ash content, CP, IVDMD and ME to sorghum and sudan grass. The study suggests 
that among the fodder species, millet yielded greater biomass in an area where the natural precipitation is enough to meet the 
crop water demand. Additionally high N application improved both forage quantity and quality. 
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INTRODUCTION 
Livestock sector plays an important role in the 
economy of Pakistan. It contributes more than 30% 
in GNP. According to the censes (MINFAL, 2005), 
livestock population of Pakistan consists of cattle 
(20.42 m), buffaloes (20.27 m), sheep (21.59 m), 
goats (41.17 m) and others (4.84 m) heads. NWFP 
shares 21% cattle, 6.9% buffaloes, 12% sheep and 
16% goats. Land utilization of NWFP reveals 
48.8% land unavailable for cultivation, 22.8% fit 
for cultivation, 16.1% under forest and about 
12.3% with cultivated waste (MINFAL, 2000). 
Feed resources of NWFP are met from crops, agro-
industrial by-products, rangeland and other grazing 
areas. According to Hatam et al. (2001), fractional 
distributions of animal feed resources consist of 
crop residues (45.1%), cultivated fodder (6.8%), 
grazing-land (46.2%) and concentrate (1.9%). 
Rangeland and crop land grazing are the sole 
sources of feed for sheep and goats and also supply 
more than 80% feed for the cattle and buffalos in 
Pakistan. However, these resources are not 
adequate to match the requirements of growing 
population of livestock. Bhatti, (1996) reported a 
deficiency of 200 m tons in term of fodder and 30-
50% in terms of energy. On national level both the 
quantity and quality of cultivated fodder in NWFP 
are lower than Punjab and Sind. One reason is that 
more than 60% land is under rainfed agriculture, 
limited landholding and poor agronomic practices 
are the other major causes creating wide gaps 

between fodder demand and supply in the 
province. Improper land distribution for fodder 
cultivation in various parts of NWFP has 
contributed to fodder shortage.  

 
Under the current scenario where land utilization 
has priority for grain and other major crops, 
emphasis needs to increase yield per unit area. This 
would require both fodder productions on marginal 
lands and/or new appropriate species along with 
improved agronomic practices. Sorghum and 
millets are leading summer fodders of the existing 
cropping pattern in barani areas (Akmal and Habib, 
2002). However, their proper N application is 
usually not maintained. Areas, where water is 
enough for crop growth in the season, can demand 
higher N (Akmal, 1997). It has been widely 
advocated that proper N application increases both 
fodder yield and herbage quality (Buxton, 1996; 
Corlett et al., 1992; Davorat et al., 1993).  

 
Nitrogen is highly volatile in soil but mainly 
advantageous to vegetative development of plant. 
Balanced N supply to crop not only increases 
biomass but also improve forage quality (Bhatti, 
1996).  Digestibility of fodder dry matter is linearly 
related to protein content of the herbage (Van 
Soest, 1982). Information on fodder yield and 
quality with respect to N application under the agro 
climatic condition of NWFP are inadequate. The 
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present study was conducted to determine the 
effect of low and high N on growth of three fodder 
species i.e. millets, sorghum and sudan grass and 
their chemical composition.  
 
MATERIALS AND METHODS 
Experiment Layout 
The experiment was conducted at Research Farm, 
NWFP Agricultural University, Peshawar during 
summer 2002. Planting was done in Randomized 
Complete Block Design (RCBD) involving three 
fodder species (Millet, Sorghum, Sudan-grass) 
under two nitrogen (N) levels e.g. N1 (low N) and 
N2 (high N). Experiment was conducted in four 
replications. Land was prepared with normal 
cultivator runs thrice followed with planking. 
Sowing was done in rows spacing 30 cm apart. 
Each experimental unit measures 5 m x 2.4 m area. 
The treatments were randomly assigned by 
planting eight rows of the crop species. Sorghum, 
sudan grass and millet were planted at seeding 
rates of 87, 15 and 25 kg ha-1, respectively. 
Uniform distribution of seed per rows was 
maintained during sowing. A basal dose of 90 (N), 
60 (P) and 40 (K) kg ha-1 was uniformly 
broadcasted at sowing time and 25 days after 
sowing, 45 kg ha-1 N was additionally applied to 
the plots to receive high N. Irrigation was applied 
as per crop water demand during the 60 days 
growth period. 
 
Field Sampling 
Periodic sampling of the green fodder yield was 
observed during the crop growth period to 
estimates crop growth rate of the species. For such 
sampling, 1m x 1m area was harvested, weighed 
and dried in oven for dry matter determination at 
80OC for not less than 36 h. Rest of the crop was 
harvested at 50% flowering stage about 69 days 
after sowing (DAS). Four central rows were 
harvested for fresh and dry matter yield 
determination. Supporting data e.g. plant height, 
leaf to stem ratio and leaves plant-1 were recorded 
on 10 randomly selected representative plants in all 
experimental units. Samples for quality 
determination were preserved and processed in the 
Animal Nutrition Lab., NWFP AUP. Crop Growth 
Rate (CGR) was derived from periodic fresh 
matter data measured at about 2 weeks interval 
from emergence till 50% flowering when 
vegetative growth usually stops in determinate 
crops. The sigmoid growth curve was smoothed 
through established growth function (Richards, 
1969) considering fresh matter as dependent 
variable against DAS, independent variable. CGR 
was considered as slope values (b) of the linear 
regression when crop growth is usually stable. The 
relative water content (RWC) was estimated from 
difference of the fresh and dry matter in relation to 
fresh matter production of the species.   

 
Forage Quality Measurement 
Approximately 2 kg of the harvested plant material 
of each experimental unit was chopped and dried at 
80°C in oven for 72 h. The dried sample was 
ground in laboratory mill to 1 mm particle size for 
dry matter (DM), ash and nitrogen determination 
as per standard procedure of AOAC (1990). Fresh 
fodder samples were also analyzed for DM by 
drying at 100°C for about 24 hours and the results 
were used for estimating DM yield. The pre-dried 
ground samples were analyzed for IVDMD with 
the procedure described by Tilley and Terry 
(1967). The results were used for calculating 
metabolizable energy (ME) content as suggested 
by MAFF (1984).  

 
The data were analyzed with ANOVA procedure 
according to the RCB design as suggested by Steel 
and Torrie (1980) using SAS computer software. 
Effects of fodder species, nitrogen levels and their 
interaction on all parameters were determined. 
Means were compared for significance with the 
LSD procedure.     
 
RESULTS AND DISCUSION 
Fresh and Dry Matter Yield 
Fresh matter (FM) and dry matter (DM) production 
of millet, sorghum and sudan grass under two 
nitrogen (N) levels are summarized in Table I. 
Mean FM and DM  yield (t ha-1) were maximum 
(P<0.05) for the millet (147.0 and 36.08). The 
difference between sorghum (38.3 and 11.46) and 
sudan grass (35.75 and 8.97), was not significant. 
Such difference in fodder yield among different 
species is not unusual (Azam, 2004). Application 
of N levels significantly affected (P<0.05) the yield 
of millet but did not influence the other two 
species. These observations agree with the findings 
of Bhan (1967), Sharar et al. (1988) and Akmal 
(1997). The relative water content (RWC) did not 
respond to N application and species difference. 
The leaf to stem ratio (LSR) is one of the more 
important parameter of fodder crop during 
vegetative development. From emergence to 
seedling establishment, the leaf fraction in total 
plant biomass decreases and the stem increases 
(Akmal, 1997). This affected protein, fiber and 
digestibility of plant. The present study revealed a 
non-significant difference in the LSR of the three 
species in relation to N application (Table I). Leaf 
number plant-1 also remained unaffected (P>0.05) 
by difference in species or N application levels. 
Karamullah et al. (1981) reported the highest leaf 
number in early planting fodder under high N 
fertilizer application. Herbage biomass is the 
canopy structure usually consist of the three 
dimensions i.e. length, width and height. We 
observed sampling at constant ground area but 
plant height could be the factor showing yield 
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differences among of the different species. As 
shown in Table I, Sorghum in comparison to sudan 
grass did not show any statistical difference in 
plant height. The lack of difference in LSR and 
RWC with relatively more plant height and leaf 
number in millets mainly attributed high FM and 
DM yields among the three species. This was also 
reflected in higher crop growth rate (CGR) of 
millet. 
 
Fodder Quality 
Nutrient composition of three fodder species is 
presented in Table II.  Ash contents that mainly 
represent mineral matter remained higher (P<0.05) 
in millet but did not vary due to N application 
levels in all species. The highest ash contents of 
millet in the present study may be due to higher 
stem fraction and agree with findings of Malik 
(1987). Over all, millet had maximum CP, 
followed by sorghum and was minimum in sudan 
grass. The levels of N application did not affect CP 
level. This does not agree with other workers 
(Kharmreav and Kim 1976; Malik 1987; Patil et al. 
1984) who reported that CP contents increased with 
N application. One reason could be that the present 
experimental field might had sufficient N and/or 
the high N combination has to be adjusted with the 
P application rate to the soil.  The CP contents in 
all the three fodder species were on borderline of 
adequacy for ruminant animals. This occurred 
despite that the crop was harvested at flowering 
stage before maturity. Generally, a minimum CP 

level of 10% in DM is considered optimum. This 
would mean that feeding of all the three fodder 
species shall invariably require protein 
supplementation. The higher CP in millet could be 
related to high leaf number per plant (Table I). 
Norton (1982) reported that CP in leaf is higher 
than stem fraction of plant and that the fraction of 
the stem rate contribution and leaf senescence are 
the major factors affecting CP of the biomass 
during growth and harvesting stage of the crop. The 
IVDMD ranged 42.51 to 46.64% and did not vary 
due to species or N application. Overall the 
IVDMD results were in the lower range for good 
quality fodder and may be due to higher proportion 
of stem than leaves under the high summer period. 
The results of the present study are partly 
supported by Burton et al. (1964).  Van Soest 
(1982) described that nutritive value and forage 
quality are consequences of the conditions of plant 
growth, maturity stage and conditions of the 
environment under which the crop matures. Parallel 
to the IVDMD results, the concentration of 
metabolizable energy was also low in all three 
species and ranged from 6.7 to 7.3 MJ kg-1 DM. 
 
The results concluded that under the condition of 
the present study, fodder yield of millet was higher 
than sorghum and sudan grass. The effect of N 
application levels increased the biomass production 
of millet only. Feed quality parameters were also 
unaffected by the N levels.  
 

Table I. Mean ± standard error (SE)for Fresh (FM) and dry matter (DM) production, relative water 
content (RWC), plant height (PH), leaf number plant-1 (LN), leaf to stem ratio (LSR) and 
crop growth rate (CGR) of three cereals planed with 2 different N supplies for fodder 
production.  

Crop 
species 

N levels 
(kg ha-1) 

FM 
(t ha-1) 

DM 
(t ha-1) 

RWC 
(%) 

PH 
(cm) 

LN LSR CGR 
(g d-1) 

1. Millet 

90 
135 

 
Mean 

130.2  
± 14.3 
163.8  
± 15.4 

 
147.0 a 

28.72 
 ± 2.92 
43..38  
± 4.94 

 
36.08 a 

77.89 
 ± 2.92 
73.52 

 ± 2.02 
 

75.70 a 

284.8 
 ± 8.4 
287.8 
 ± 10.6 

 
286.5 a 

12.6 
 ± 0.27 
12.1 

± 0.62 
 

12.35 a 

0.67  
± 0.07 
0.55 

 ± 0.04 
 

0.61 a 

5.09 (r2 = 0.99) 
6.43 (r2 = 0.98) 

 
5.76 a 

2. 
Sorghum 

90 
135 

 
Mean 

36.9  
± 7.18 
39.7  

± 3.33 
 

38.3 b 

11.84 
 ± 2.49 
11.08 
 ± 1.02 

 
11.46 b 

67.91  
± 2.12 
72.09 

 ± 1.91 
 

70.00 a 

176.5  
± 11.4 

165.0 ± 2.3 
 

170.75 b 

9.15 ± 0.1 
9.85 ± 0.2 

 
9.50 a 

0.58 
 ± 0.06 
0.72  

± 0.05 
 

0.66 a 

1.45 (r2 = 0.99) 
1.61 (r2 = 0.98) 

 
1.53 b 

3. Sudan 
grass 

90 
135 

 
Mean 

33.72 
 ± 2.72 
37.79 

 ± 0.69 
 

35.75 b 

8.51  
± 0.64 

9.44 ± 0.4 
 

8.97 b 

74.76  
± 3.12 
75.02 

 ± 2.42 
 

74.89 a 

219.8 
 ± 12.1 
228.2 
 ± 9.50 

 
224.0 b 

9.0 ± 0.25 
9.4 ± 0.18 

 
9.20 a 

0.68 
 ± 0.06 
0.78 

 ± 0.04 
 

0.73 a 

1.30 (r2 = 0.99) 
1.41 (r2 = 0.97) 

 
1.36 b 

ANOVA table 
Source of 
variance 

Levels of significance (P<0.05) 

Crop Species 
(CS) 

Nitrogen (N) 
N*CS 

 * 
* 
* 

* 
* 
* 

NS 
NS 
NS 

* 
* 

NS 

NS 
NS 
NS 

NS 
NS 
NS 

NS 
NS 
* 
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Non significant (NS) 
Significant at P<0.05 (*) 
 
Table II. Mean ± standard error (SE) for percent chemical composition of the dry matter i.e. ash (%), 

crude protein (CP), invitro dry matter digestibility (IVDMD) and metabolized energy (ME) 
of three cereals planed with 2 different N supplies for fodder production.  

 

Crop species 
N levels 
(kg ha-1) 

Ash 
(%) 

CP 
(%) 

IVDMD 
(%) 

ME 
(MJ kg-1) 

1. Millet 

90 
135 

 
Mean 

10.18 ± 1.23 
11.60 ± 0.57 

 
19.88 a 

9.07 ± 0.56 
10.80 ± 1.21 

 
9.94 a 

46.64 ± 3.52 
45.35 ± 3.24 

 
45.99 a 

7.30 ± 0.55 
7.11 ± 0.51 

 
7.22 a 

2. Sorghum 

90 
135 

 
Mean 

8.76 ± 0.99 
8.60 ± 0.74 

 
8.67 b 

9.56 ± 0.41 
8.68 ± 0.39 

 
9.13 ab 

44.27 ± 1.19 
43.40 ± 1.39 

 
43.84 a 

6.72 ± 0.35 
7.12 ± 0.11 

 
6.89 a 

3. Sudan grass 

90 
135 

 
Mean 

8.42 ± 0.31 
7.76 ± 0.26 

 
8.09 b 

9.45 ± 1.26 
8.34 ± 0.76 

 
8.90 b 

42.51 ± 2.27 
45.29 ± 0.68 

 
43.90 a 

6.90 ± 0.19 
6.82 ± 0.21 

 
6.88 a 

 
ANOVA Table 

Source of 
Variance 

Level of significance (P<0.05) 

CS 
N 

N x CS 

 * 
NS 
NS 

* 
NS 
NS 

NS 
NS 
NS 

NS 
NS 
NS 

Non significant (NS) 
Significant P<0.05 (*) 
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