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PHYSIOLOGICAL RESPONSE OF COTTON (GIZA 89
VARIETY) TO APPLICATION OF NITROGEN AND BIO-
FERTILIZER “RHIZOBACTEREIN”

Gebaly, Sanaa G.
Cotton Research Institute, Agricultural Research center, Giza.

ABSTRACT

Two field experiments were carried out at Gemmeiza Agricultural Research
station, El-Gharbia Governorate during two seasons (2002 and 2005). The main
objective of this investigation was to study the effect of bio-fertilizer (Rhizobacterein)
as a method to decrease the levels of mineral nitrogen fertilizer of Giza 89 cotton
variety using 60 kg/fed. without Rhizobacterein (as control) and using 30, and 45
N/fed. with Rhizobacterein at thinning, squaring and flowering stages On some
cotton plant growth traits and attributes, earliness seed cotton yield / fed. and its
components and net income. Results can be summarized as follows:

Application of bio-fertilizer (Rhizobacterein)l at treatment (8) [45 kg N/fed. +
Rhizo. (2 L./fed. squaring) + 2 L./fed. flowering stage]. Significantly increased plant
height, number of fruiting branches / plant, boll weight, number of open bolls / plant,
seed cotton yield / fed. and lint percentage in both seasons. Also, applying bio-
fertilization significantly increased the net income / fed. as compared with the check
treatment. Also, using bio-fertilizers significantly increased dry weight of plant organs
during different growth stages and significantly increased leave contents of
chlorophyll, carotinoids, nitrogen, oil and protein contents in seeds.

Keywords: Cotton, Bio-fertilizer, Rhizobacterein, Nitrogen, Growth, yield.

INTRODUCTION

Soil in the Delta and the Nile Valiey in Egypt are poor in organic matter
and accordingly in nitrogen. The content of total and soluble nitrogen vary
between 0.07 — 0.11 % and 13 - 25 ppm, respectively. These values are
fairly low, (Hamissa and Abdel-Salam, 1999). Furthermore, a major
compensation for the low available N was the extensive use of mineral N
fertilizer and this causes the following problems, increased the consumption
of fertilizer and cost of production. The share of fertilizer in the total variable
cost for cotton in Egypt increased from 4 — 8 % in 1987 to 11.2 % in 1992
(Nassar and Salama, 1995). Also, the economic use of fertilizers and its
percentage to the total production cost should be now taken into account
more seriously than before (Roussopoulos and Angelakis, 1995). For this it is
needed to limit mineral fertilization by using Bio-fertilizer with half of the
recommended mineral fertilization which reduce the quantities of mineral
fertilization and its negative environmental consequence besides, the
simplest and cheapest way of mixed the inculum to the cotton seeds.

Inoculation with N-fixing bacteria increasing yield of field crops even in
agricultural systems where mineral N supplementation is not a major problem
(Mitkess et al., and Said, 1998).

Bio-fertilizers drew the attention as a partial good alternative to N fertilizer
application. In addition, bio-fertilizers have many merits i.e., supply part of
plant N requirement by 25 %, increase the availability of nutrients, reduce the
environmental pollution, control the vegetative growth and improve the yield
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potential (Ragab, 1999). The use of bio-fertilizer for cotton was suggested by
Hamissa et al. (2000) who found that inoculation of cotton seeds with some
bio-fertilizers i.e., Microbein, Rhizobacterein or Nitrobein significantly
increased plant height at harvest, boll weight, seed cotton yield / plant or per
feddan, number of open bolls / plant and lint percentage. This application
increased also net income / fed.

With regard to the interaction between mineral N fertilizer rate and bio-
fertilizer treatments, Hamissa et al. (2000) found that inoculation of cotton
seeds with Rhizobacterein when conjugated with using the high N dose 60 kg
N / fed. produced the highest values of number of open bolls plant, lint %
and net income / fed.

The objective of this study to evaluate the effect of N fertilizer rates, and
bio-fertilizer treatments to limit mineral fertilization and answer this respect in
cotton.

MATERIALS AND METHODS

Two field experiments were conducted at Gemmeiza Agricultural Two
field experiments were conducted at Gemmeiza Agricultural Research
station, El-Gharbia Governorate durinzg 2004 and 2005 seasons.

The experimental unit was 14 m* (14 x 3.5) including five ridges with a
distance of 25 cm between hills and in ridges of 65 cm a part and 10 - 15
seeds per hills, thinned to two seedlings, Egyptian cotton Cv. Giza 89 was
used in this investigation and sown on March 242 and 279 for the two
seasons, respectively.

A randomized complete blocks design with four replicates was used to
study these treatments:

1) Control (60 kg N/ fed.).

2) 30 kg N / fed. + Rhizobacterein (seed dressing) at sowing.

3) 30 kg N/ fed. + Rhizobacterein (2 liter / fed.) applied with water irrigation
after 10 days from thinning + Rhizobacterein (2 liter / fed.) at the beginning
of squaring stage.

4) 30 kg N/ fed. + Rhizobacterein (2 liter / fed.) applied with water irrigation at
the beginning of squaring stage + Rhizobacterein (2 liter / fed.) at the start
of flowering.

5) 30 kg N/ fed. + Rhizobacterein (2 liter / fed.) applied with water irrigation
after 10 days from thinning + Rhizobacterein (2 liter / fed.) at the start of
flowering.

6) 45 kg N / fed. + Rhizobacterein (seed dressing) at sowing.

7) 45 kg N/ fed. + Rhizobacterein (2 liter / fed.) applied with water irrigation
after 10 days from thinning + Rhizobacterein (2 liter / fed.) at the beginning
of squaring stage.

8) 45 kg N/ fed. + Rhizobacterein (2 liter / fed.) applied with water irrigation at
the beginning of squaring stage + Rhizobacterein (2 liter / fed.) at the start
of flowering.

9) 45 kg N / fed. + Rhizobacterein (2 liter / fed.) applied with water irrigation
after 10 days from thinning + Rhizobacterein (2 liter / fed.) at the start of
flowering.
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N fertilizer levels in the form of ammonium nitrate (33.5 % N) were
applied in two equal splits first after thinning (36 days after planting), and
second at the next irrigation.

Phosphorus and potassium fertilizers were added as recommended.
Other cultural practices were carried out as recommended, for the
conventional cotton planting.

Analyses of the experimental soil were carried out according to the
procedures described by Jackson (1960). The results of soil characterization
are shown in Table (1).

Table (1): Soil mechanical and chemical analysis of the experimental

soil.
Mechanical analysis Chemical analysis
2004 | 2005 2004 | 2005
Clay % 552 | 56.4 lAvailable N (PPm) 2380 | 220
Silt % 27.5 28.3 |Available P (PPm) 5.72 6.3
Sand % 13.3 14.5 |Available K (PPm) 402 409
ICaCos % 3.2 41 |PH 1.8 8.0
Texture Clay | Clay e (mnons)em/25°C 235 | 26
oam | loam
rganic matter % 1.88 1.90

The Studied characters:
A- Plant growth characters :

Four random plant samples were taken at 90, 120 and 150 days after
sowing and were separated into the different organs (leaves, stems,
branches, roots, squares, flowers and bolls). The studied characters on
cotton plant were as follows:

1- Plant height (cm).
2- Leaf area (L.A.), the disk method was used according to Johnson (1967).
LA/ plant = Leaf dry we.ight Ipla.nt x disc area (dm 2)

Disc dry weight
Leaf area index (L.A.l.) was calculated as follows :

Leaf area / plant
LAL

Plant ground area
4- Total dry weight / plant (Q)
5- Crop growth rate (CGR), was measured by using the equation:

CGR = W2 ~ W1 (g/ m*/ week)

3

o = i}
6- Relative growth rate (RGR), was calculated as follows:
RGR - 9 eW2 " Lloge Wi o (g/m’/week)
te = 11

7- Net assimilation rate (NAR), was calculated as follows:
(Wp - W1) (LoggA2 ~ Loge A7
(A2 = A7 (t2 ~ t9)

NAR =

331




Gebaly, Sanaa G.

B- Yield and yield component:

At harvest, sample of ten plants from the inner ridges of each sub-plot
were taken at random to determine the following yield attributes:

Number of fruiting branches / plant, number of open bolls / plant, boll
weight (g), earliness percentage, lint percentage, seed index (100 seed
weight (g)), seed cotton yield (kentar/ fed.), fiber fineness and fiber strength
and the net income / fed. in pounds was determined as follow:

Net income / fed. = Total income of seed cotton yield - total costs (all
agricultural practices) / fed.

C- Chemical analysis:
1- Leaf chlorophyll content: was determined in leaves according to Arnan

(1949).

2- Qil and protein percentage: were determined in the seeds by the method

described by A-O-A-C- (1975).

3- Nitrogen content of leaves: was determined by using A-O-A-C (1975).
Statistical analysis:

The data were taken and analyzed as outlined by Snedecor and Cochran
(1981) and the means were compared using L.S.D. at 0.05 level of
probability.

RESULTS AND DISCUSSION

A- Growth characters:
1- Plant height (cm):

The results presented in Table (2) reveal that using bio-fertilizer namely
Rhizobacterein tend to increase plant height in the first season (2004),
however, this increase was significant in the second season (2005). Bio-
fertilizer treatments gave a significant effect on number of fruiting branches /
plant in both seasons (Table 2). In this respect, Hamissa et al. (2000), found
that cotton plant height at harvest was significantly increased due to seed
inoculation with bio-fertilizer, While number of fruiting branches / plant did not
respond to bio-fertilizer application.

2- Leaf area (LA / plant) and leaf area index (LAIl):

Data in Table (2) show that LA / plant and LAl were significantly higher
due to bio-fertilizer (Rhizobacterein) application over the check at the different
sampling dates in the two seasons under study. In this concern, Perumal
(1999), found that increasing N levels significantly increased Leaves / plant,
leaf area and leaf area index.

Generally, the results indicated that leaf area / plant increased gradually,
by advancing plant age till reaching its maximum values at 120 days age,
then decreased in values at 150 days age, but also with an increase in leaf
area / plant by increasing the bio-fertilizer in both seasons. Where, LAl
gradually increased to reach its maximum value at 120 days from planting,
then decreased in both seasons as a result of shedding the older leaves,
which have larger leaf area with the same area of ground.
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3- Dry weight / plant:

Data presented in Tables (3 and 4) show the effect of bio-fertilizer
“Rhizobacterein” on dry weight of the different organs of cotton plant after 90,
120 and 150 days from sowing.

Bio-fertilizer addition gave significant effect on total dry weight / plant at
all growth stages in both seasons.

It could be concluded that all treatments of bio-fertilizer significantly
increased the dry weight of whole cotton plant and its organs i.e. roots, stem
and leaves in both growing seasons.

Theses results may be due to the increases in both number of vegetative
and fruiting branches by increasing the bio-fertilizer addition which added
more dry weight to stem.

In this respect, El-Shazly and Darwish (2001) found that bio-fertilizer
treatments gave significant effects on total dry weight / plant at all growth
stages.

4- Crop growth rate (CGR):

Data in Table (5) indicated that using bio-fertilizer (Rhizobacterein) had a
significant effect on crop growth rate (CGR) at all growing periods under
study i.e., 90 - 120 and 120 - 150 days after sowing in both seasons.

With regard to bio-fertilizer treatments, it is clear from Table (5) that
treatment number (8) [45 kg N/fed. + Rhizo. (2 L./fed. squaring) + 2 L./fed.
flowering stage) recorded the highest values of CGR at all growth ages in
both seasons. This may be due to the increase in plant ability to receive more
light energy and consequently more chemical energy formed as dry matter.
Similar conclusion was obtained by Mahrous (1977) and El-Shazly and
Darwish (2001).

5- Relative growth rate (RGR):

Results presented in Table (5) show that during 2002 and 2005 growing
seasons, bio-fertilizer “Rhizobacterein” applications had a significant effect on
relative growth rate (RGR) in the first period and later period.

Generally, relative growth rate (RGR) tended to decrease with advancing
plant age in both seasons. These results due to the increase in weight of
fruits to the total weight of plant.

6- Net assimilation rate (NAR):

Data presented in Table (3) reveal that the bio-fertilizer treatments exhibit
a significant effect on NAR in the first period and later period in both seasons.
Data revealed that NAR for treatment (8) exceeded the other treatments.

B- Seed cotton yield and its components:

Bio-fertilizer treatments had significantly increased the number of open
bolls / plant, boll weight and seed index in both seasons (Table 6). In this
respect, Hamissa et al. (2000) and El-Shazly and Darwish (2001), found that
bio-fertilizer treatments had significant effects on number of open bolls / plant
and lint percentage only in one season and on boll weight and seed cotton
yield / plant in two seasons. The highest mean values of these traits were
obtained when cotton seeds were inoculated with the commercial bio-fertilizer
(Rhizobacterein or Microbein) compared with (Nitrobein) or the check, but this
addition decreased seed index
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The results obtained in Table (6) show that seed cotton yield / fed. was
significantly affected by bio-fertilization in both seasons, where
(Rhizobacterein) applications increased seed cotton yield / fed. by treatment
number (8) [45 kg N/fed. + Rhizo. (2 L./fed. squaring.) + 2 L./fed flowering
stage), it exceeded over the check by 11.3 % and 8.1 %, in 2004 and 2005,
respectively. These significant increases due to bio-fertilizer as compared to
uninoculation may be due to the excess of the organic matter content of the
experimental soil (Table 1). Also, to the role of these microorganisms in
increasing the N and K uptake which, promote photosynthesis and plant
development and consequently the productivity per unit area.

With regard to lint percentage, it can be found that bio-fertilizer treatments
had insignificant effects on this character in both seasons (Table 6).

Bio-fertilizer additions gave significant effects on earliness % in the first
season only. However, in the second season insignificant increase was
obtained from adding (Rhizobacterein).

Fiber properties:

The results obtained in Table (8), show that lint properties. Micronaire
reading was significantly affected by bio-fertilization in both seasons.
However, the effect on Pressley index was significant only in 2005 season.
The role of bio-fertilizer in increasing the plant phyto-hormons like IAA, GAs
and CKs, which promote plant growth, cell division, break the apical
dominance, encourage the photosynthesis, (Said, 1998).

C- Netincome / feddan:

The highest net income values / fed. were ottained from the commercial
bio-fertilizer (Rhizobacterein) applications as compared with a check (without
bio-fertilizer (Rhizobacterein) application) in both seasons as shown in Table
(7). Similar results were obtained by Hamissa et al. (2000) and El-Shazly and
Darwish (2001).

It can be noticed that using the application of Rhizobacterein as illustrated
in treatment (8) [45 kg N/fed. + Rhizo. (2 L./fed. squaring) + 2 L./fed.
flowering stage) gave the highest net income value / fed. as compared with
the control by an increase about 13.58, 25.66 %, over the check treatment in
2002 and 2005 respectively.

D- Chemical constituents of cotton leaves and seeds:
1- Total chlorophyll content:

Results presented in Table (8) show that all treatments led to significant
increase in chlorophyll content. It seems that these nutrients have a good
effect on the formation of leaf chlorophyli.

2- Carotinoids (mg / g):

Data presented in Table (8) show the effect of bio-fertilizer
“Rhizobacterein” on carotinoids. It obvious from data that Rhizobacterein
significantly increased carotinoids in all treatments.

3- Nitrogen content of cotton leaves:

Data in Table (8) indicate that nitrogen content of cotton leaves
significantly increased by hbio-fertilizer “Rhizobacterein™ applications as
compared with the control, in this respect Haggag and Azzazy (1996) and
Hamissa et al. (2000) supported these obtained.
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4- Oil and protein percentage:

Data in Table (8) indicate that bio-fertilizer “Rhizobacterein” lead to
significant increase in seed oil and protein percentages. The increase in
cotton seeds oil and protein percentages might be due to the promoting effect
of these nutrients on the various chemical constituents of the seeds including
the oil and protein quantity.

Conclusion

Results obtained herein, clearly indicate a differential response to either
mineral or bio-fertilization. As for as seed cotton yield / fed. is concerned, 45
kg N / fed. and applying bio-fertilizers was needed to obtain the highest yield.

Data of growth attributes support the view that certain imbalance was
created between the vegetative and fruiting growth as the increase of LAl and
caused noticeable decreases in both RGR and NAR by using these
treatments, which consequently resulted the highest yield per unit area.

The combination between the recommended N fertilizer rate (45 kg N /
fed.) and applying cotton plants with Rhizobacterein gave the highest net
income value / fed. as compared with other treatments.

REFERENCES

A-O-A-C- (1975). Official Methods of analysis of Official Agricultural chemists
12" ed. US.A.

Arnan, D.l. (1949). Copper enzymes in isolated chloroplast. Plant physiol.,
24:1-15:

El-Shazly, W.M.O. and A.A. Darwish (2001). Response of cotton (Giza 89
cultivar) to nitrogen levels and bio-fertilization with Microbein. Minufiya
J. Agric. Res. Vol. 26(3): 635 - 658.

Haggag, L.F. and M.A. Azzozy (1996). Evaluation of microbein as a multi-
strains bio-fertilizer for production of improved mango seedling with
appropriate vigour for grafting in shorter time. Annals of Agric. Sci.
Cairo 41 (1) : 321 - 331.

Hamissa, M.R. and M.E. Abdel-Salam (1999). Ferilizer management for
cotton in Egypt. Adv. Agric. Res., Egypt, 1 (1) : 53 - 113.

Hamissa, A.M. : K.A. Ziadah and M.F.EIl. Masri (2000). Response of cotton to
bio-fertilizer and nitrogen fertilization. Minufiya J. Agric. Res. Vol. 25
(2); 371 -388.

Jackson, M.L. (1960). Soil chemical analysis. Prentice-Hall, Inc. Engle wood
Cliffs, N.J., 498 PP.

Johnson, R.E. (1967). Comparison of methods for estimating cotton leaf area.
Agron. J. 59 (5): 493 — 494.

Mahrous, F.N. (1977). Effect of irrigation standers under some cultural
practices on cotton growth and yield. Ph. D. Thesis, Fac. Agric., Kafr
El-Sheikh, Tanta Univ., Egypt.

Mitkees, R.A. ; Iman, M. Sadek ; A.M.K. Eissa and S.K. Mahmoud (1996).
Use of N, Bio-fertilizers requirements. Nile Valley and Red Sea
Regional Program, Eight, Ann. Coordination Meeting, Egypt, 15 - 19
Sep., 140 - 146.

3322



J. Agric. Sci. Mansoura Univ., 31 (6), June, 2006

Nassar, S. and O. Salama (1995). Effect of the privatization process on
fertilizer handling and their use in cotton. Proc. FAO-IRCRNC, Joint
Meeting of the working groups 4 and 3 Cotton Nutrition and Growth,
Regulators use in cotton, 20 — 23 March, 1995, Cairo Egypt, PP 13 -
20. (1997).

Perumal, N.K. (1999). Effect of different nitrogen levels on morpho-
physiological characters and yield in rain-fed cotton. Indian J. of plant
Physiology 4 (1): 65 - 67. (C.F. Crop Abst. 52 (11): 8471, 1999).

Ragab, M.A. (1999). Effect of six bio-fertilizers on growth and uptake of some
nutrients in chemilali olive transplants. Minia J. Agric. Res. and
Develop, 19: 45 - 65.

Roussopoulos, D. and C. Angelakis (1995). Cotton fertilization in Grecce.
Proc. FAO - IRCRNC, Joint Meeting of the Working Groups 4 - 3
(Cotton Nutrition and Growth, Regulators); 20 — 23 March, Cairo
Egypt, PP 31 -39 (1997).

Said, M.A. (1998). Studies on productivity of barley. M.Sc. Thesis, Fac. of
Agric., Alex. Univ.

Snedecor, G.W. and W.G. Cochran (1981). Statistical Method. 7" ed. lowa
State Univ. Press. lowa, U.S.A.

o=l g (g i) tendll AS B i MR Gl L gl pandd Llaaud)
-G Sl g Ja
raa = B = A1 Sgadl 8 ja = kA & gay s

§pamga DA By al Al — 5 jpeadly At 30 Spadl Laay Gliflia ol 523 2y al
o A el S¥ee il aa oy Ly 3 0 G padl 2l Aila) Al A ¢ Yeeo
I [ iy A aa g0 (T

& sl el Dbl ¢ (ol [ o aaS Vel Al s dleles 0 pn) Claleall S
ol sz 5 el cadall pladnily Sy ¢ Aol die 5 A e [ s aaSile i [ G aak T
Gl a3l Shaill Jyeaney €l y gaill Y Siliia pany o Lleliy a0 Aay G gl
— ‘;.‘a'.':_..a.“ ¥l ﬁ.a_.ail'l OlSy ¢ AT 5 e kil Calial ladll (Jaa) uJ'LAJ ¢ 43U gSay
w2 S Ayl B 0 gtall ALl e Undl
A gl A a0 Caua

QoofSlg s + Sl g 3 aaS £0) (A) Aalaally 0y 8Ly 3l 5 gl Caadall Al
Ll Jalo (B A gaa 52l (M (aa 8D Ay me e/ A Y ‘_,,_,.‘.su,}_,q-u..l,_.,nu;uu/)ﬂv
S a5l Rl gy ¢ i | il 55l ssey ¢ 3550 05y dam ey ¢ Ay el g Y 2y ¢
?__g_ﬂ _,yﬂ'l laddl u't...a'l =l .JJ ‘..!L.a'*ﬂ r:.,ul;_;hq’_.\n ‘_‘JLA:J_SJMMM| Mi,n
3 _Mu.‘suu.su,_,_,hu,uﬂmw&a 53 LS ¢ Cpangall MS 3 Jaoh dla sl
bl Slal UJ,H_;!M_JAJ.A:-L! _‘l‘ (_,a_).“ Ll—l—b\d’y}.“ u.l;.“) Jd-lj‘ d:sl)a\madlau-‘
;uLAJ/ﬂ.\JJ_J“\ALuS\u-L; L.Al\,iu.m.u}dld.ad.;i_)ﬂu‘qhy\ﬁ ¢ YY. ¢ 1 JLAS‘.—IL‘-
Gaina st il Ny o lall Jial Joeny Jyeanadl gai Jonay 45850 Zabiaal Jisy
S Oyl y a3l g giall 2ol ISy ¢ oy il y iy SIS g i SN e 1Y)

3323






