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ABSTRACT

Response of two sorghum cultivars namely lIzra-7 and Razini to manure and phosphate fertilizer was studied in factorial
arrangement in two separate field experiments on calcareous soil at Jordan University of Science and Technology campus
(JUST). Increased yields of both cultivars was obtained by integrated application of manure and P, which was a consequence
of high harvest index, grain number and panicle length coupled with more total dry matter production. Grain and biological
yield of Izra-7 responded to lowest combinations of manure and fertilizer P when compared to Razini that responded
significantly up to the highest combination rates. Regression analysis showed linear effects of both manure and P on grain and
biological yields. Increased residual P content of the soil after sorghum harvest was evidenced with much more contribution
from manure compared to P applied. Overall, manure application at highest rate increased grain yield and other yield
component; however, its effects were more pronounced when applied with mineral P. The benefit of integrating manure with
Phosphate fertilizer was evident.
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INTRODUCTION

The major constraint to productivity of crops in the
semi arid regions is inadequate, unreliable and poorly
distributed rainfall. The major dryland agricultural areas of
Jordan receive an annual rainfall of 250-600 mm, which is
erratic and highly variable between seasons (Jaradat, 1988).
In addition, low crop productivity under rain fed conditions
of the country is attributed, in part, to the low soil fertility
(N & P). However, there is limited use of mineral and
organic fertilizers on crops (Khattari & Tell, 1988) owing to
limited resources and the risk associated with fertilization in
an environment of low and uncertain rainfall. Also, plant
responses and utilization of P is extremely low due to the
high immobility and fixation in the calcareous soil
characterized with high pH and low moisture (Khattari &
Tell, 1988). This requires large input of P to meet the needs
of crops for optimum productivity. Under such
circumstances and continuous decreases in organic matter
and nutrient content of the soils, the importance of
integrated use of organic and inorganic nutrient sources has
been indicated (Misra & Maheshwari, 1988; Hegde, 1996;
Damodar Reddy et al., 1999). Organic sources such as
animal manure can be an effective source of major nutrients
(N, P, & K) when applied at optimum rates and can
influence the temporal dynamics of nutrient availability
(Paul & Beauchamp, 1993), increase water use efficiency of
crops (Carter et al., 1992) decrease soil P fixation and
enhances P availability in the soils (lyamuremye & Dick,
1996) through its effect on physical and chemical properties
of the soil. Despite all this, a complement of mineral

fertilizer is usually required for a good nutrient balance.
There is possibility to use livestock manure as an alternative
nutrient source alone or in combination with inorganic
fertilizers for food and feed production in Jordan, as
agriculture is primarily based on dryland cereals integrated
with livestock production. However, little information is
available. The objective of this work was, therefore, to study
the response of two sorghum cultivars to manure and
phosphate fertilizer under irrigated semi-arid Mediterranean
conditions of Jordan.

MATERIALS AND METHODS

The field experiments were conducted at main
research station of the Jordan University of Science and
Technology (JUST) campus in Northern Jordan during the
2000-2001 summer growing seasons. The location has
Mediterranean climate of mild and wet winter and hot and
dry summer. The soil is fine-loamy, thermic, calcic
paleargid (Khresat et al., 1998) with N-NH4 (5.25 mg kg™),
N-NO3 (16.78 mg kg™), available P (3.33 mg kg™), Organic
matter (0.79%) and pH of 7.93. Twelve treatment
combinations consisting of 2 factors, viz. sheep manure at 4
levels (0, 10, 20, & 30, t ha™) and phosphorus at 3 levels (0,
28 & 56 kg P205 ha™) was tried in factorial randomized
complete block design, with three replicates. Sorghum
cultivars used were (i) Razini, tall and early maturing (ii)
Izra-7, short and intermediate in maturity. Each sorghum
cultivar was tested in a separate trial. Each plot consists of
five rows 2.4 m long and 0.4 m apart. Two seeds per hole
were sown and being thinned to one plant per hole two
weeks after emergence. Sheep manure was collected two
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months prior to application, and was manually incorporated
to the upper 10-15 cm of the soil a week before sorghum
planting. The composition of manure used was-moisture
content (10.65%), organic matter (57%), total nitrogen
(2.44%), available P (0.35%) and pH of 8.1. Fertilizer P as
per treatment was band applied to the side of the seeds in the
rows at the time of sowing. Plots were weeded twice at 30
and 45 days after emergence. Insect pests were controlled
using Dimethoate 40-D w/v. The plots were irrigated (drip)
one or two times every week depending on growth stages of
the crop to avoid water stress.

At harvest, the plants were harvested by hand and the
following parameters were taken-biomass yield (t ha™),
grain yield (t ha™), panicle length (cm), harvest index,
number of grains per panicles, and 1000 grains weight (g).
Also, three random soil cores from each plot were taken
from the 0-15 cm depth after the harvest of the crop. Soil
cores were mixed, air-dried and ground to pass a 2-mm
sieve. The samples were analyzed for available P following
procedures described by (Olsen et al., 1954). Finally, data
were statistically analyzed using the general linear model
procedure of the SAS program (SAS Inst., 1990). Wherever
appropriate, the treatment means were compared at 5% level
of significance using Fisher's protected Least Significant
Difference (LSD) test. The association between grain yield
and other quantitative parameters were analyzed and using
the stepwise method a multiple linear regression was
utilized to model significant manure and fertilizer P effects
on selected dependent variable.

RESULTS AND DISCUSSION

Yield and yield attributes. The results revealed significant
main effects of P and manure and their interaction on total
crop biomass and grain yield for both cultivars, while only
the main effects are significant for panicle length, number of
grains per panicle and 1000-grain weight (Tables | & 1V).
Biomass yields of both varieties generally increased
with increase in manure applied. The response equation
fitted shown in Table Il also reveals significant and linear

response to manure and P and their combination as well for
Izra-7, illustrating the important role both manure and P
play with regard to high total biomass yield production, with
more contribution being due to manure. Especially, the
effects of manure on total biomass yield of variety lzra-7
was pronounced with phosphorus application regardless of
the rates and as a consequence the lowest rate of manure
gave yield comparable to the higher rates of manure at the
same or different rates of P application. However, the slope
of the total biomass yields response to combinations
decreased with increase in rates of combinations. Among
the treatments, higher biomass yield (26.08 t/ha for Razini
& 25.33 t/ha for lzra-7) were obtained by combined
application of 30 t/ha manure and 56 kg P205 ha™ which
was 53.3 and 60% higher than the control, respectively
(Table 1). It is important to note that the effect of manure
revealed on Izra-7 was some what different from the one
observed for Razini, in that, lIzra-7 responded to
combinations of the lowest rate of manure and gave yield
comparable to the one observed on higher rates of P and
manure combinations. This might be related to genotypic
differences in nutrient acquisition efficiency. The results
observed in this study is obvious as the contributions of
head (panicle) to total biomass yield was greater in fertilized
plots compared to unfertilized plots in which the stem
contributed much to the total biomass yield. This is in
conformity with the findings of Roy and Wright (1973),
where the contribution of head to biological yield increased
when nitrogen and phosphorus were applied.

Grain vyield was regressed against manure and P
fertilizer rate at planting for both cultivars. The best-fit
regression equations included the same variables for the
cultivars and had R2 values of 0.74 for Razini and 0.82 for
Izra-7 (Table I11). In both cases, the variable contributing the
most to the estimation of grain yield was manure rate,
although fertilizer P rate also made a significant contribution
to accounting for the variability in grain yield. The grain
yield response to both manure and P increased almost with
increase in application rates of either alone. Besides, the

Table I. Effects of manure and fertilizer P on total biomass and grain yield of Sorghum cv. Razini and lzra grown

at JUST campus
P,Os rates Manure rates (t ha™)
(Kgha™) 0 10 20 30 Mean 0 10 20 30 Mean
Cultivar Razini Cultivar lzra

Biomass yield (t ha™)
0 17.01 21.55 22.84 24.15 21.41 15.83 20.46 2231 24.70 20.83
28 2151 2271 22.66 25.34 23.06 21.47 22,61 23.95 24.28 23.08
56 2355 22.55 24.39 26.08 24.14 23.25 2421 23.73 25.33 2413
Mean 20.72 2227 23.30 25.19 20.19 2243 23.33 24.77
LSD (P < Manure=1.41; Phosphorus =1.22 Interaction = 2.44 Manure = 1.69; Phosphorus = 1.46; Interaction = 2.93
0.05)

Grain yield (t ha™)

0 5.14 127 7.70 8.42 7.14 4.70 7.08 8.33 9.27 7.35
28 7.33 8.07 7.97 9.08 8.12 7.60 8.56 891 9.47 8.64
56 8.27 8.26 9.11 9.17 8.70 9.13 9.30 9.25 9.35 9.26
Mean 6.91 7.87 8.26 8.89 7.15 8.31 8.83 9.37
LSD (P < Manure =0.48; Phosphorus = 0.41; Interaction = 0.83 Manure =0.58; Phosphorus = 0.50; Interaction = 1.01
0.05)
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effect of manure at the highest rate was the same regardless
of P fertilization indicating higher nutrient availability at this
rate compared to lower rates in which additive nature was
revealed. This could be due to the fact that manure
application even at lower rates can form complex with P
sorption sites, mobilize native soil P (lyamuremye & Dick,
1996) and promote P availability leading to better crop
growth. On top of this, the soils contained little available P
(3.33-mg kg™), thus such responses can be expected.

The highest yields (9.17 t/ha for Razini & 9.47 t/ha for
Izra-7) were obtained when 30t/ha manure was applied
along with 56 kg P205 ha™ and 28 kg P205 ha™, which is
78 and 101% higher when compared with control (no P &
manure), respectively (Table I). Sharma et al. (1988) found
no significant increase in grain yield with addition of 110 kg
P205 ha™, however, its combined application with 3.5 t ha™
farmyard manure increased grain yield to a marked level.
Overall, the significant increase in grain yield observed in
both cultivars with combined applications of manure and P
was generally related to the improvements in biological
yield and yield components resulted from good vegetative
crop growth by adequate supply of the essential (N, P)
nutrient elements. This is clearly shown in Table Il where
the variation in yield observed was mainly proportional to
the variation in biological yield produced (proportion of
variability = 80% and 86% for lzra-7 and Razini,
respectively, P<0.001). This finding supports the results of
Muchow (1990) who found significant positive relationship
between grain yield and biological yield at maturity over
entire yield range in his study. In terms of yield components,
variation in grain yield was accounted for by variation in
number of grains, similar to the frequent observations of
Muchow (1988, 1990), in panicle length and also by seed
weight in lzra-7.

The sorghum cultivars developed longer panicles with
more number of grains with application of manure at higher
rates (20 & 30 t ha®), being no significant difference
observed between the rates (Tables 1V); whereas, larger
panicle with higher grain weight was produced in response
to phosphorus fertilization. It is in accord with the reports of
Lal and Mohammad (2000) and Elkased and Nandi (1987).
The two sorghum cultivars responded similarly to P
application. The effect observed on number of grains
through manuring was presumably due to more availability
of most vital nutrients (N, P) during the growth period.
Nitrogen availability was found to induce formation of
proteins and enzymes in adequate quantities, which could
act on the metabolites in the leaves and stem enhancing their
conversion, transportation and accumulation in the grains
(Krishnasamy & Ramaswamy, 1986); whereas, an increase
in grain number to phosphorus applied was observed only
for the cultivar Izra-7. The effect of P fertilizer in increasing
grain number is parallel to its effect on larger panicle
production. Govil and Prasad (1972) reported an increase in
grain number per panicle with P application. Despite
significant influence of P on panicle length of Razini, the
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Table Il. Coefficients of determination (R?) for total
biomass yield at maturity, panicle length, and number
of grains per panicle, thousand grain weight and
harvest index component contributing to grain yield of
Sorghum cultivars

Cultivars Parameters
BY PNL GN GW HI
R
Razini 0.86*** 0.52%** 0.34%** 0.06NS 0.42%**
Izra-7 0.80%*** 0.56%** 0.50*** 0.24** 0.54***

** *** Significant at 0.01 and 0.001 levels, respectively; NS indicates not
significant; BY = total biomass yield, PNL = panicle length, GN= grain
number, GW= grain weight and HI= harvest index.

Table I11. Best-fit regression models of grain and total
biomass yield of Sorghum cultivars as a function of
manure and P fertilizer at planting

Cultivars  R? SE N Models
Razini
074 0625 36 Y1=5.753+0.0966(M)*** +0.0214(P)*+*
0.0006 (M X Py*
0.50 2058 36  Y2=19.302 +0.146(M)*** + 0.0227(P)**
Izra-7
0.82 0.72 36 Y1=5.304+ 0.144(M)*** + 0.0339(P)***
0.0012(M X P) ***,
0.72 1593 36 Y2 =16.99 + 0.261(M)*** + 0.057(P)***
—0.0019(M X Py***

** %% Significant at 0.01 and 0.001 levels, respectively; N = number of
means; Y1 = Grain yield; Y2 = Biomass yield; M = manure, tha™; P = P
fertilizer rate, Kg P,Os ha™

Table 1V. Effects of manure and fertilizer P on fertile
tillers per plant, panicle length, grains per main panicle
and thousand- grain weight of Sorghum grown at
JUST

Razini Izra-7

Treatments Panicle Grains/ Thousand  Panicle Grains/ Thousand

length panicle grain weight length panicle grain weight
P,Osrates (Kg ha®)
0 26.92 26385 3217 2855 3458.17 28.28
28 2757 28039 32.80 29.73  3624.17 29.71
56 27.77 27953 33.77 29.72  3650.33 29.89
LSD (P < 0.05) 0.59 NS 1.05 0.74 161.66 0.73
Manure rates (t ha™)
0 2642 25740 32.99 28.43 3361.56 28.69
10 2698 2708.7 3349 29.10 3566.00 29.63
20 2793 28052 32.67 29.62 3631.78 29.56
30 28.33 28954 3249 30.18  3750.89 29.30
LSD (P < 0.05) 0.68  207.85 NS 0.86  186.67 NS

NS, not significant

number of grains per panicle was not influenced. The
findings lend supports to the report of Lal and Mohammad
(2000).

The non-significant manure effects obtained in this
study is similar to results of Muchow (1988) who found
similar grain size development at all levels of applied N in
sorghum. While, the varieties responded significantly to the
application of P. Govil and Prasad (1972) observed
significant increase in thousand-grain weight due to the
addition of 60 kg P,Os ha™. It is also in agreement with
those of Lal and Mohammad (2000) who found significant
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increase in grain weight with increase in P rates to 80 kg
P,Os ha! but no increase with further P rates. When the two
cultivars are compared, less grain weight was obtained with
Izra-7 than Razini that may be related to more number of
grains per panicles in the former. It is generally accepted
that an increase in number of grains is accompanied by a
decrease in the weight of individual grain and vice versa, as
the maximum vyield that can be achieved has a ceiling that
cannot be surpassed.

Post harvest soil phosphorus. Soil P concentrations
following sorghum harvest differed significantly among the
plots in response to P fertilizer and manure application.
Fertilizer phosphorus application at both rates increased
residual phosphorus contents of the soil after harvest of
sorghum razini while only highest rate of applied P had
increased soil P after harvest of lzra-7 (Fig. 1 & 2).
Comparison of the pre-plant soil P with the soil P
concentrations following cropping indicated that the effect
of phosphorus application alone on residual soil P was not
substantially high and generally very low to support good
plant growth. This is because on soils with high fixing
capacity (calcareous soils) fertilizer P applied was rapidly

converted to relatively insoluble forms, followed by a trend
of decreasing soil test P levels back toward a relatively
stable equilibrium value with time (Yang & Jacobsen,
1990). The result was similar to the findings of Hibberd et
al. (1991). On the other hand, post-harvest soil P
concentrations increased significantly with increase in rates
of manure application. The highest residual soil P
concentrations of 21.43 and 20.92 mg kg™ after harvest of
Razini and lzra-7, respectively, were obtained on plots
receiving the highest rate of manure (30 t ha™). As shown,
the trend of available soil P on soils planted with both
sorghum cultivars in response to manure application were
similar. This was also shown in the fitted regression models
indicated in Table V. The model illustrates the significance
of manure application with respect to accounting for
residual available soil P, and the response was linear
through out the entire range of manure levels. Though the
effect of applied P was low as compared to manure as
shown in the model, still it had an impact particularly at
highest rate.

The increase in residual P contents in the soil by the
application of fertilizer P as well as the more pronounced

Fig. 1. Surface soil (0-15 cm) bicarbonate-extractable soil P concentrations following Sorghum (Razini) harvest, as
affected by phosphorus (Kg P,Os ha™) and manure (t ha™*) application during planting. Means with different
letters are significantly different (P<0.05) according to Fisher’s protected Least Significant Difference test
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Table V. Fitted regression models of residual available
soil P as a function of manure and P fertilizer applied
at planting to two Sorghum cultivars.

Cultivars  R? N Models }
Razini 0.84 36 Y=3.93+0.445(manure) + 0.002716(manure X P)
1zra-7 0.85 36 Y =2.34+0.561(manure) + 0.000297(P)?

1 Y= available soil P, mg kg*; P = P fertilizer rate, kg P,Os ha *; Manure
= manure rate, t ha™

increase where sheep manure was used either alone or in
combination with inorganic fertilizer was in line with the
reports of Dormaar et al. (1988) and Chaudhry et al. (1999).
Organic manures are known to decrease P
adsorption/fixation and enhance P availability in P fixing
soils (lyamuremye & Dick, 1996). Thus, the decomposition
products of organic manure in the soil may have arrested the
fixation/adsorption thereby extending P availability (Sharma
et al., 1988; lyamuremye et al., 1996) and in turn improving
utilization of the applied P. It was also revealed that manure
application contributed much too high available residual soil
P than fertilizer P depicting its fertility potentials for the
next consecutive seasons besides its immediate effects.
Above all, P application in combination with organic
manures not only improve fertility status but are also
potential for restoring (Khalid et al., 1999) and maintaining
productivity of a soil (Hegde, 1996; Damodar Reddy et al.,
1999), which could otherwise be impossible even with
balanced application of inorganic fertilizers alone or by
relying on any other single measure for maintaining fertility
(Guar, 1992).

CONCLUSIONS

Our data demonstrated that sorghum yields for both
cultivars can be increased in North part of Jordan by
integrated application of manure and P, which was a
consequence of high harvest index, grain number and
panicle length coupled with more total dry matter
production.

REFERENCES

AOAC, 1984. Official Methods of Analysis. Association of Official Analytic
Chemists, Washington, DC

Carter, D.C., D. Harris, J.B. Youngquist and N. Persaud, 1992. Soil
properties, crop water use and cereal yield in Botswana after addition
of mulch and manure. Field Crops Res., 30: 97-109

Chaudhry, M.A., A. Rehman, M.A. Naeem and N. Mushtag, 1999. Effect of
organic and inorganic fertilizers on nutrient contents and some
properties of eroded loess soils. Pakistan J. Soil Sci., 16: 63-8

Damodar Reddy, D., A. Subba Roa, K. Sammi Reddy and P.N. Takkar,
1999. Yield sustainability and phosphorus utilization in soybean-
wheat systems on vertisols in response to integrated use of manure
and fertilizer phosphorus. Field Crops Res., 62: 181-90

Dormaar, J.F., C.W. Lindwall and G.C. Kozub, 1988. Effectiveness of
manure and commercial fertilizer in restoring productivity of an
artificially eroded dark brown chernozemic soil under dryland
conditions. Canadian J. Soil Sci., 68: 669-79

Elkased, F.A. and L.A. Nandi, 1987. Phosphorus response of grain sorghum
in guinea savanna of Nigeria as influenced by rates, placement and
plant spacing. Fert. Res., 11: 3-8

893

Govil, B.P. and R. Prasad, 1972. Growth characters and yield of sorghum
(Sorghum vulgare Pers.) as affected by contents of water soluble P in
triple super phosphate/dicalcium phosphate and triple super
phosphate/rock phosphate mixtures. J. Agri. Sci., Cambridge, 79:
485-92

Guar, A.C., 1992. Bulk organic manures and crop residues. In Tandon,
H.L.S. (ed.), Fertilizers, organic manures, recyclable wastes and
biofertilizers, pp. 36-51. Fertilizers Development and Consultation
Organization, New Delhi

Hegde, D.M., 1996. Long-term sustainability of productivity in an irrigated
sorghum wheat system through integrated nutrient supply. Field
Crops Res., 48: 167-75

Hibberd, D.E., P.S. Want, M.N. Hunter, J. Standley, P.W. Moody and G.W.
Blight, 1991. Marginal responses over six years by sorghum and
sunflower to broadcast and banded phosphorus on a low P vertisol
and changes in extractable soil phosphorus. Australian J. Exp. Agri.,
31: 99-106

lyamuremye, F. and R.P. Dick, 1996. Organic amendments and phosphorus
sorption by soils. Adv. Agro., 56: 139-85

lyamuremye, F., R.P. Dick and J. Baham, 1996. Organic amendments and
phosphorus dynamics, I1l. Phosphorus speciation. Soil Sci., 161:
444-51

Jaradat, A.A., 1988. Agroclimatology. In: A. Jaradat (ed.), An Assessment of
Research Needs and Priorities for Rainfed Agriculture in Jordan, pp.
18-62 . Al-hurria, Press, Irbid, Jordan

Khattari, S. and A. Tell, 1988. Response of wheat varieties to P fertilizers
under a wide range of rainfall. In: P.W. Unger, T.V. Sneed, W.R.
Jordan and R. Jensen (eds.). Challenges in Dryland Agriculture.
Proc. Int. Conf. Dryland Farming, pp. 429-31. Amarillo, Texas,
USA.

Khresat, S.A., Z. Rawajfih and M. Mohammad, 1998. Morphological,
physical and chemical properties of selected soils in the arid and
semi arid region on Northwest Jordan. J. Arid Envir., 40: 15-25

Krishnasamy, V. and K.R. Ramaswamy, 1986. Effect of N, P, and K on
CSH-14 sorghum hybrid seed crop. Il. Seed weight, germination and
vigor. Madras Agri. J., 73: 42-5

Lal, B.S. and S. Mohammad, 2000. Nutrient enrichment effect of parental
lines on crop growth, yield components and yield of seed parent
AKMS-14A for CHS-14 sorghum hybrid seed production. Crop
Res., 20: 25-8

Misra, R.V. and S. Maheshwari, 1988. Integrated nutrient management in
dry lands. In: P.W. Unger, T.V. Sneed, W.R. Jordan, and R. Jensen
(eds.). Challenges in Dryland Agriculture. Proc. Int. Conf. Dryland
Farming, pp. 371-4. Amarillo, Texas, U.S.A.

Muchow, R.C., 1988. Effect of nitrogen supply on the comparative
productivity of maize and sorghum in a semi arid tropical
environment. I11. Grain yield and nitrogen accumulation. Field Crops
Res., 18: 32-43

Muchow, R.C., 1990. Effect of nitrogen on partitioning and yield in grain
sorghum under differing environmental conditions in the semi-arid
tropics. Field Crop Res., 25: 265-78

Olsen, S.R., C.V. Cole, F.S. Watanable and L.A. Dean, 1954. Estimation of
available phosphorus in soils by extraction with sodium bicarbonate.
U.S Dep. Agri. Circ., 939. USA

Paul, T.T.W. and E.G. Beauchamp, 1993. Nitrogen availability for corn in
soils amended with urea, cattle slurry, and solid and composted
manure. Canadian J. Soil Sci., 73: 253-66

Roy, R.N. and B.C. Wright, 1973. Sorghum growth and nutrient uptake in
relation to soil fertility. 1. Dry matter accumulation patterns, yield,
and N content of grain. Agro. J., 65: 709-11

SAS Institute, 1990. SAS/STAT users guide, Version 6.1 ed. SAS Inst.,
Cary, NC

Sharma, R.A., S.K. Verma and R.K. Dixit, 1988. Response of sorghum to
different levels of phosphorus under rain fed conditions in a clay soil.
Indian J. Agri. Res., 22: 203-8

Yang, J.E. and J.S. Jacobsen, 1990. Soil inorganic P fractions and their
uptake relationship in calcareous soils. Soil Sci. Soci. American J.,
54: 1666-9

(Received 22 May 2004; Accepted 09 August 2004)



