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ABSTRACT

Experiments were conducted in Moshtohor Rescarch and Expertmental
Center during 1992 and 1993 scasons to assess four NP macronutrient
wreatments (NoPy. NPy "30 kg N +3.5kg P". NyP; “60 kg N + 7 kg P" and
N3P3 "90 kg N + 10.5 kg P"/fad) applied in soil. and five micronutrient
treatments (0, 72 g Fe, 60 g Mn. 48 g Zn and 18 g Cu/fad.) spraved in chelated
forms dissolved in 600 I./fad.

Macronutrients (N+P) increased plant height. fresh and dry weight of
plant organs, number of stems/m? and green and dry forage yields in the Ist and
2nd cuts. The highest values resulted from (N3P3). All positive effects were
reflected in increased total forage vield of up to 66% green and 67% dry forage.

All parameters of growth or vield were increased by up to 24% by Zn
application.  Forage vicld and some growth paramcters were increased 1n some
cases by 14% due to Fe application and 15% duc to Mn. No response occurred
to Cu application.

There were cases of interaction when Fe or Mn showed response only tn
presence of high levels of NP The practical implication refers the necessity to
apply Zn under all conditions of macronutrients; and Fe or Mn only where high
levels macronutrients arc applied With no need for Cu application. In all cases.
consideration should be given to the actual available contents of nutrients in the
soil itself

INTRODUCTION
One of the hmitations 1 efficient livestock production 1n Egypt s the

lack of adequate amounts of high quality forage in summer Forage sorghum is
an important summer forage crop Balanced fertilization is important (o
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increase forage yield and quality of sorghum. Nitrogen is the most limiting
nutrient for grass forage production. Many investigators found that N
application increased forage vield of sorghum (El-Keredy et al.. 1986; Geweifel
and El-Khawaga, 1991; Ali and Sarhan, 1992 and Abdcl-Gawad. 1993).

Phosphorus is the second important nutrient and is not casily lost from
the soil like nitrogen. Large amounts of P are applied to the old arable soils of
Egypt. Nasr ef al. (1984) found that applying P gave no positive results in
increasing forage yields of Sudan grass. According to Olsen et al. (1954)
contents of more than 10 pug P g™ in soil indicate no difinite need to P
application. Follett ef al. (1991) reported that Colorado loams having about 11
pg P g'l (extractable by ammonium bicarbonate -DTPA) may need small
application of P for sorghum. However, applying P in combination with N gave
more positive results with millet forage, compared with N only (Ghobrial et al..
1984). Sharaan and Abdel-Gawad (1986) applied the 3 main macronutrients N,
P and K to forage sorghum and obtained positive yield increases..

Application of micronutrients such as Fe, Mn, Zn or Cu has become an
important aspect of crop production. This is mainly due to the high intensive
patterns of crop production in the old established arable soils in Egypt and to
expansion in reclaiming and putting new desert lands under agriculture. Foliar
application of micronutrients is widely used by many farmers and reported by a
number of scientists (Ohki, 1984; Khadr et al, 1988, Barsoum and Abdel-
Gawad, 1989; Wahdan, 1989 and Khalil et al., 1991).

The purpose of this study was to evaluate the interaction effect of macro
and micronutrients on growth and forage yield of sorghum..

MATERIALS AND METHODS

Two field experiments were carried out at the Agricultural Research
and Experimental Center, Faculty of Agriculture Moshiohor. Zagazig
University, during 1992 and 1993. The aim was to assess the effect of foliar
application of micronutrients Fe, Mn, Zn or Cu with or without the
macronutrients N+P, on the forage vield of sorghum [Sorghum bicolor (L.)
Moench].

The soil was a clay having an alkaline reaction. Its properties are listed
in Table (1).
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Table (1) Characteristics of the Moshtohor clay soil of the experiment

EC. (of saturated paste extract d Sm )" 20
pH (1:2.5 soil water suspension) 8.1
Organic matter (%) : 2.0
Available nutrients (pg g~ b
N (Nitrate-N) KCl-extractable 17.0
P (NaHCO3-extractable) 12.0
K (neutral NHg-acetate extractable) 200.0
Fe (DTPA - extractable) 10.0
Mn (DTPA - extractable) 8.5
Zn (DTPA - extractable) 2.0
Cu (DTPA - extractable) 22

* - EC : electric conductivity measured as d Sm~!
*decisiemens/m i.e. mmhos/cm/25°C".

The experimental design was a randomized complete block with three
replications. Two factors, and their interaction were under study in such a
design.

Factor A: Macronutrient soil application: being 4 NP formulas as follows:
None (NOPO); NPy (30 kg N+3.5kg P fad."!); N,P; (60 kg N + 7.0 kg P fad.”
1) and N3P3 (90 kg N + 10.5 kg P fad 1),

(Fertilizer sources werc urca 46% N and Ca. superphosphate 6.3% P or
15% P05 applied through soil).

Factor B: Micronutrient foliar application: being 5 treatments as follows:
1- Nonc (spray with tap water).
2- Fe at 72 g Fe/cut/fad. (60 mg Fe 1-1 spray solution).
3- Mn at 60 g Mn/cut/fad. (50 mg Mn -l spray solution).
4- Zn at 48 g Zn/cut/fad. (40 mg Zn 1! spray solution).
5- Cu at 18 g Cu/cut/fad. (15 mg Cu 1.-1 spray solution).

Micronutricnts were in forms of chelated (organic) matcrials (Fe-
EDDHA. 6% Fe: Mn-EDTA. 15% Mn; Zn-EDTA, 14% Zn and Cu-EDTA, 14%
Cu).  Sprays were done twice (one for each cut). each at 600 L. fad™!. The first
spray was 4 wecks after planting and the second was 3 weeks after the Is( cut.
Phosphorus was applicd before seeding. Nitrogen was applied in 2 equal doses:
the first when plants were 5-10 ¢ tall the second was after the Ist cut (62 days
after seeding)

Sorghum cultivar was Sudan grass hybrid ¢\ pioneer 988 Sceding
was done by drilling on Junc 14th and 18th n 1992 and 1993 scason,
respectively at a rate of 20 kg fad™" The plot area was 10 5m? (30x35 m?2)
having 15 rows of ¥ 5 m length and 20 ¢cm width  In both scasons. the preceding
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crop was wheat.  The usual cultural practices were used. Two cuts were taken.
the first was 8'2 weeks after planting. the second was 7% weeks later. With each
cut, ten plants were randomely taken to estimate the followings: plant height
(cm), fresh and dry weight of leaves and stems/plant (g), total fresh and dn
weight/plant (g) leaves : plant ratio. number of stems/m? and dry matter content
(7). Green and dry forage vields per faddan were measured (ton).

Statistically analysis were done according to Snedecor and Cochran
(1967).

RESULTS AND DISCUSSION

1- Plant height and fresh and dry weight/plant:
a) Response to macronutrients application:

There were significant responses to N + P with all characters and in
both cuts asserting the decisive need for N and P to sorghum production in this
soil (Table, 2). Regarding the lst cut, increases in plant height due to adding
(N+P) ranged from 13% to 45%. Increases in fresh or dry weight/plant were
much higher. The range of increase in fresh weight of leaves/plant was 21% to
64%. Comparable range of increase for stems weight was 17% to 70%; and for
total fresh weight it was 18% to 70%.

A similar pattern of response to (N+P) application occurred in the 2nd
cut. Ranges of increase were 19% to 47% for plant height; 13% to 46% for
leaves fresh weight/plant; 13% to 68% for stems fresh weight/plant and 13 to
69% for total fresh weight/plant.

The pattern of response of dry weight of plant organs was generally
similar to that regarding fresh weight in both cuts (Table, 7). The response
indicates a progressive increase in plant growth (o rates as high as N3Pz
showing significant increments of height and weight. This reflects a need for
high (N+P) to obtain higher and greater forage vield. Increased plant growth
shown by increased yield, is most certainly a function of increased root network
which helps uptake of more nutrients. Such a condition helps in minimizing N
loss by leaching. Increased weight per plants duc to application of high (N+P)
or N to other soils were reported by Ashoub er al. (1987) with maize and El-
Khawaga and Geweifel (1991) working with sorghum.

b) Response to micronutrients application:
Zn caused 8, 22, 24, 24, 26. 24 and 24% increascs in plant height. Icaves fresh
weight, stems fresh weight, total fresh weight/plant. lcaves dry weight. stems dry
weight and total dry weight/plant. respectively. Comparable increases for the
same respective characters in the 2nd cut were 9.22. 17, 18, 17. 14 and 14%
With all characters. and in both cuts, Zn effect was significant. asserting a
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definite necessity for its application in order to obtain enhanced plant growth.
Since the soil contained 2 ug Zn g™ (DTPA-extractable). as shown in Table (1),
this may be considered inadequate. Khadr et a. (1988) reported similar results
obtaining no response to Zn application to some Egyptian calcareous soils.
However, contents of a similar magnitude may be considered adequate for
sorghum in some other soils (Follett et al., 199 ).

Applying Mn caused 5, 13, 15, 14, 15. 9 and 9% for plant height. fresh
weight of leaves, stems and total weight/plant. dry weight of leaves. stems and
total weight/plant, respectively in the Istcut. In the 2nd cut. increases were 5.
17, 13, 13, 14, 12 and 12%, respectively.

Fe significantly increased all growth characters in the 2nd cut. and
plant height only in the 1§t cut. It seems that the effect of Fe application
requires a longer time to show, as compared with Zn or Mn. Similar results
were obtained by Khadr er al. (1988) and Barsoum and Abdel-Gawad (1989)
regarding Fe and Mn on sordan. Applying Cu caused slight and insignificant
increases in all growth characters in the Ist cut.  However. like Fe, it gave
significant increases in the 2pd cut regarding all weights/plant. Follett ef af.
(1991) reported that as low as 0.2 #g Cu g™* in soil is adequate for sorghum
growth.

¢) The interaction effects:

In the 15t cut, there was no interaction. regarding plant height and fresh
weight/plant since the pattern of their response to (N+P) was not affected by the
presence or absence of any of the micronutrients. However. for dry weighe. there
was an interaction; the NP, was superior to N 1P except where Fe was present;
or where no other micronutrients were present. Also. the superiority of N3P
over NoP, was not significant where Zn was present. This indicates that the
balanced formula of macro and micronutrients is essential to enhance plant
growth.

In the 2nd cut, there was an interaction effect regarding the fresh and
dry weight/plant. Applying NP was superior to NoPg except where Mn (and
in some cases also Fe) was present. [t scems that the presence of Mn did not
allow the full effect of NP to take place. Also, applving micronutrients was
affected by application of macronutrients. This is shown when application of
cach micronutrient gave significant increases in weights/plant only where NoPo
or NPy or N3P3 was applied. It did not induce any significant increase where
N)P| were applied. This indicates that, with the rate of NP, the limited
increased growth caused by this particular treatment did not allow plants to
utilize applied micronutrients effectively. It also indicates that the rates of NyP,
or N3P3 plus rates of micronutrients represent a more balanced formula for
macro- and micronutrients.
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2- Leaves : plant ratio:

The ratio of fresh weight of leaves : plant weight showed a significant
increase, in the 2nd cut only, to applied macronutrients up to N,P;. The same
rate significantly increased dry weight of leaves : plant ratio in both cuts. The
present results indicate that N+P encouraged growth of leaves/plant. Bakheit
(1990) found that leafiness increased by increasing N rate. but Abdel-Gawad
(1993) found no apparent trend on leaf/stem ratio.

Fresh and dry weight of leaves : plant ratios were not affected by
micronutrients. Thus micronutrients encouraged growth of both organs in a
similar manner.

3- Number of stems/m?2:

There was an increase reaching as high as 41% in the number of
stems/m?2 as a result of macronutrient application (Table, 29. The high number
of stems/m? resulting from application of N+P is a logic result of increasing
tillering of forage sorghum. With micronutrients, there were insignificant
increases particularly with Zn addition, with no interaction occurring between
macro- and micronutrients.  Thus the effect of some micronutrients was more
effective on plant height and fresh and dry weight of different plant organs than
on the number of stems/m2. Since Zn is important in synthesis of tryptophan
and indol acetic acid (I.A.A.), as well as protein metabolism (Epstein 1972 and
Marschner, 1986), it affected these characters most.

4- Dry matter content:

Dry matter content was largely not affected by treatments except in
some cases, where there was a decrease by NoP, in the 15{ cut. and by Zn in the
2nd cut (Table,2).

5- Forage yield (ton/fad.):
In general, forage yields followed the same pattern of response as that
of the growth characters (Table, 3).

a) Response to macronutrient application:

Green and dry forage yields were increased by applying N+P in both
cuts. The increases ranged between 23% to 66% and 24% to 67% in the total
green and dry forage yields, respectively. Increases were rather similar in both
cuts and the response was rather similar to that of the weight/plant (Table, 2).
The increase in forage yield due to N+P application was obtained whether in
presence or absence of micronutrients. This stresses the importance of applying
N+P. Lesile (1981), Ghobrial ef al. (1984) and Sharaan and Abdcl-Gawad
(1986) reported similar results, Follett er al. (1991) reported that Colorado
loams having about 11 pg P g'1 (extractable by ammonium bicarbonate-DTPA)
may need small application of P for sorghum. On the other hand, Nasr ef al.



Annals of Agric. Sc., Moshtohor, Vol, 32(1), 1994

164

1230083l “(pey/d 3% 501 + N 3% 06) C4EN Pue (PRyd 3%  + N 3% 09) TdlN -

(7 00T+ = UEPPEJ = DEJ) PEI/] (00 Sem el aedg .,

(PeY/d 3% §°¢ + N 3% 0¢) [4IN (0192) Ug0N 250 sywatnnuomepy ,

DOTD = uoRSeLNE] 860 = Eoguﬁll—ll MWI'e= BonIsIIU]

£010 = simorREoLy P08 = SRRy £80°0 = SWPLINBOSN 495 500

L80°0 = SUALRBOLTRY £500 = SuAInUOLT 5907 = SImIuABOLTRY ®qs]
oL E L65E Ly S8L'E STL'E S6'C A yOP'T 095! [ oLyl 1LE7 1627 €617 (55T REL. A K5TT [ volc I
ELSF e IPes LEBY LI9F Qary YL 099'1 3561 2981 63L°1 059'1 588'T £89°7 £8€°¢ Scecnl SegE Jiive 4N
€0 b ir6 € LLTYy SLOF 190 78°¢ 629°1 709'1 389°1 L9l ¥$9' 18671 30¥T et 5357 3P T TIFT T CdoN
£ € YLEE SL8°¢ e SIS 6IT € LZE'1 €871 36F'1 §0€ 1 19¢°1 I KT 1607 WUer €117 307 »$0T YIEN
€087 Q7T | SL6T 08T 0087 yOL'T vLOT L0 | S60°1 0901 £L0°1 0401 8Ll 6$9'1 088t | oLl 9TL| PES'] PdON

(*pey/u0l) ppIA a8eioy Aiq -

BLD = BopIwlag] 0560 =  uohomsauy 00L°0 =  uomdEiduY ]

16£70 = Suananey SLI'D = nnRUCLY ISE0 = wust 70 =10 50°0

057’0 = NEAnEmOLT S0T0 = SEALnUeLIT 0090 = SEHDOUODTRY ®gsTy
82ES1 | ST9%i | c»691 | 30551 | 8223l | ogEpl 9£8°C 665 | £8E9 ¥68°S <pes 08¥’s 58%°6 Y€06 | €901 | £19%6 | $8¢6 | 0983 TSIy
SBO6( | SLS°Ll | (U8MT | £€661 | sz88l | sizil 3LIL 30,9 £30'8 LOP L ST0L 309'9 LO6TT | 29801 | €ELET | L9vT1 | 00R11 | 990l TdEN
OLS9( | 00190 @ :908L | 19l | 06991 | LIg<l €359 SET9 000L LS9 0SF9 LIT9 | 3U0L 1 986 90711 T 00TOl | nOzOl | 096 CdvN
SLOFL | €8Sl | 9L sl 0S6'EL | L9OWI £E0'C] £LE'S LTS 0509 LIES 009°S 008y | £OLS L9r8 vlie [ v€98 | Lovg VETS “dAN
9l | evTll | orlel | Oer il | 0L Tl 1 Sel'Tl 0IEY 01EF 00P'F WUy 6TF 56T 091°L ££6°9 OrLt | €SUL | €L0¢ X069 V4N

(*pey/u03) ppPik 38%I0) Usss) -]
YBN | MOS80 | uzsy | WNO9 | 7L | ) WOW | 381 [ wZ8r | WNOQS | odzL | 0 TSW | B38| w8 L TN [ 4z | ¢
('pe3an>/3) Sesumuosny Y T——— »={PEIANY/E) STWNTOIAY g
(PEI/mi0t) pptd sdwtop mao | o Bz IR 5] S0

JO pPRI4 33eJ0§ [€30) pUE §I0) qroq mw sppIL 93va0j L1p pue u

'Su0SBIs 3ULM0I3 ¢G4T PUT 7661 JO SISAITUR poumIqmIod ‘mnygiios

338 UO SIUILBNUOLIIW IWOS PUE SIHOLLNT (J+N) ~0UIET Jo 19yg (%) aqey




Nutrient Balance & Interaction Between Elements 165

(1984) reported no response by forage yield to application of P. In Nigeria
average of dry matter vield of millet decreased with increasing N up to 62.5 kg
N/fad. (Oji and Ugherughe, 1993).

b) Response to micronutrients application:

Applying Zn caused significant green vicld increases of 19 and 18% in
the Ist and 2nd cuts. respectively. Comparable significant increases due to Mn
were 9% and 8%. and those due to Fe were 6% and 7%. Applying Cu gave only
2% increase which was not statistically significant. The same trend was
obtained in dry forage yicld in both cuts. Foliar application with Zn, Mn, Fe
and Cu increased (otal drv forage yield by 18, 8. 7 and 3%, respectively
compared with the control.  This shows the importance of Zn. Mn and Fe on
plant growth and forage yield of sorghum.

¢) The interaction effects:

For Zn, there was no interaction effect: its application showed positive
effects whether N+P were applied or not. This illustrates the dire necessity for
its application. Also. no interaction occurred with regard to Cu; it showed no
significant effect with or without any presence of macronutrients asserting the
non-necessity of its application since the 2.2 ug g™! contents of indigenous soil
available Cu are most certainly adequate.

However. Fc as well as Mn increased yield. only where the soil was
supplied with the high (N,P;) or (N3P3) and either of them was of no
significance where soil recetved little or no (N+P).. Khade ¢ a/. (1988) and
Wahdan (1989) who found that foliar application with Fe, Mn and Zn alone or
in combinations significantly increased total green and dry forage vields of
sorghum. Thercfore. in soils with Zn content similar (o or lower than that of the
current study (i.e. 2 pg g'l)‘ fertilizing sorghum with Zn should be considered.

GENERAL CONCLUSION

Applying N together with P is certainly necessary for sorghum (o
produce high forage vields. The marked increase in plant fresh weight. and dny
weight as well as plant height confirms such a necessity. The contents of soluble
mineral Nof 17 pg g“] shown by soil of the present studv are most certainly not
adequate for enhanced plant growth, therefore the significant response to N+P
occurred.  Applying N+P increased root system, hence more absorbance of
nutrients.  According to Olsen ef al. (1954), contents of more than 10 pg P g"
in soil indicate that applying P may or may not yield significant incrcases. Soil
of the present study contained 12 pg P g".

Of the four micronutricnts Zn was the only onc which gave significant
response in nearly all situations. whether or not there were N and P present
Epstein (1972) stated that. Zn difficency in particular retards plant growth with
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"dramatic impact”. since it is a constituent as W ¢ll as an activator of several
enzymes vital in metabolism, and is nccessary for synthesis of optimal levels ol
amino acids. Therefore, it is important to add Zn 10 sorghum grown in such a
soil with 2.0 pg Zn (DTPA-cxtractable). Applying Fe or Mn gave significant
increases only where macronutrients N+P were given at a high rate, Therefore
the soil's 10 pg Fe and 8.0 pg Mn/g soil (DTPA-extractable) indicate enough of
both for moderate growth of sorghum. When growth was further stimulated by
applying high rates of N+P, the response (o Fe occurred. These results due to
the positive effect of higher rates of N+P and Fe or Mn clement on vegetative
growth and most yvield components and this in turn might account much for high
accumulation of metabolities in forage yield.

The content of available Cu (DTPA-extractable) in the soil, being 2.2
png Cu g" is most certainly more than adequate and enough, cven for boosted
plant growth and increased forage production caused by the application of high
NP macronutrient.
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