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Abstract

Two field experiments were conducted during 2008/2009 and
2009/2010 seasons at Sakha Research Station, Kafr EL-Shaikh
Governorate to study the influence of three nitrogen rates {75, 100
and 125%) of recommended rate {RR=80Kg N/fed), sprayed with
Zn, Mn and Fe individually or in mixture, on some chemical
compasition, juice quality and yield of sugar beet plants.

Decreasing N dressing up to 60 Kg Nffed (75% of RR)
significantly decreased photosynthetic pigments (chlorophyll a, b
and carotenoids) at the age of 120 days from sowing in the two
seasons, also a reduction in sucrose% and some technological
parameters such as sugar extractable (SEX), sugar losses to
molasses (SLM) and sugar coefficient (Sco), yield companent (root
length, diameter and fresh weight of tops in the two seasons have
been recorded. Yields of roots and sugar, uptake of N, Mn and Zn
had the same trend. On the other hand, increasing N dressing up
to 100 Kg N /ffed (125% of RR) significantly increased
photosynthetic pigments i.e. chiorophyll a,b and carotenoids at the
age 120 days from sowing in the two seasons, Na, K and g- amino
N as impurities, sugar loss to molasses (SLM), yields of roots and
sugar but juice purity was significantly decreased.

Foliar spray with Mn, Zn and Fe individually or in mixture
significantly increased chlorophyll a, b and carotenoids in both
samples in the two seasons. Sucrose% and impurities as K and o-
amino N were sighificantly increased but juice purity was
significantly decreased. Root length, diameter, fresh weight of roots
and tops, sugar yield were significantly affected. Foliar spray with
Zn, Mn and Fe sighificantly increased their uptake and N uptake.
Foliar spray with the mixture of Zn, Mn and Fe exhibited the best
treatment, where it gave the highest values of most traits under
study.

The interaction between N at the high rate and the mixture of
Zn, Mn and Fe was the superior treatment where, it gave the
highest values for chi a, b and carotenoids, K, a- amino N, juice

" purity and N uptake,
Keywords: Nitrogen, Zn, Mn and Fe, sugar beet.

INTRODUCTION

Sugar beet is one of just two crops (the other being sugar cane) which
constitute the only important sources of sucrose. In Egypt, sugar production is still
insufficient to cover consumption therefore, many devoted attempts to improve beet
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quality and quantity. These may be achieved via nutrition which had a great effect on
beet productivity. Nitrogen management is one of the important keys to accomplish
this goal. A sufficient nitrogen supply of sugar beet is decisive to a considerable
extent both for root vield and its quality. Over supply as well as undersupply of
nutrients, in particular of nitrogen, means a reduction of quality of the harvested
product (Jozefyova et al, 2004). Nitrogen fertilization promotes vigorous early season
growth thereby reducing the number of days to canopy closure, Early closure allows
the sugar beet to make better use of sunlight and more sugar is produced. In this
connection, nitrogen is the sensitive elements that affect the beet production and
sugar content (Zhou, 1993)}. Franzen (2003) found that excess nitrogen reduced root
“sucrose contenf and higher ifnpun‘ty level as well as poor recoverable sugar yield.

- {Cai, and Ge “2004) stated that the nitrogen content of sugar beet plant was
significaritly -and positive correlated with nitrogen amount used and found that the
study of nitrogen amount on beet production and sugar content will be important and
significant

Micronutrients as foliar application are particularly useful under Egyptian soil
‘conditions V\fhere, it suffers greatly from alkalinity, therefore, most micronutrients
fixed and become unavailable to plant uptake {Shalaby, 1998).

Micronutrients deficiency is one of many factors that affect sugar beet
production. This deficiency is particularly refered to many factors such as the intensive
cropping system in Egyptian agricuiture and the reduction in the amount of Nile
alluvium after the construction of Aswan High‘ Dam as will {Shalaby, 1998).
Application of foliaf Fe combined with Zn and Mn was very effective in increasing root
and sugar yields as well as juice purity and sugar content, which in turn improve
sugar extractability {(Moustafa et al., 2006). Great attention to the response of sugar
beet to micronutrients has been recorded by many workers {Moustafa et al., 2006
and Soudi and El-Guibali, 2008},

The aim of this work is to evaluate the effect of nitrogen rates and some

micronutrients on growth, quality and quantity of sugar beet.
MATERIALS AND METHODS

Two field trials were set up in Sakha Research Station (ARC) at Kafr EL-Shaikh
Governorate to study the effect of three rates of nitrogen {60, 80 and 100 kg N/fed)
along with foliar spray with five treatments control (without micronutrients), Zn, Mn,
Fe and mixture of Zn+Mn+Fe and their interactions on growth, root quality and yield
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of sugar beet ptants. Average mechanical and chemical properties of the experimentai
soil are illustrated in Table (1).

Table 1. Soil mechanicai and chemical properties of the experimental site in the two

s5easens.
Soil properties Available nutrients (ppm)
= &
Coarse Fine H i E g
sit | clay L g 3 E
Seasons sand sand v hd pH N P05 K Fe Zn Mn
% " g 6 n o
% % a &
§ g B
- wi o
2008709 505 16.5 30.1 47.0 ity 345 | 274 | 795 ) 185 ) 302 [ 9.01 | 419 | 951 | B61 | 134
2009/10
/ 4.73 15.1 28.0 493 clay 260 | 335 | 813 [ 189 | 311 9.63 308 | 126 { 7.81 { 145

A multigerm sugar beet variety kawemira was planted on 25" and27™ of
October 2008 and 2009 seasons respectively. The experimental design was split plot
with three replications where, the three nitrogen rates 75, 100 and 125% of the
recommended rate (80 kg N/fed) were allocated in the main plots which was assigned
into five sub plots including contral {without micronutrients), 2.5g Zn /L as zinc sulfate
(40% Zn), 2.5 g Mn/fL as manganese suifate {36% Mn) and 1.5 Fe/L as Fe-EDTA {13.2
% Fe) and the mixture of Zn, Mn and Fe in 400 L water / fed. Nitrogen fertilizer was
added as urea form (46%N) in two equal doses the first after thinning and the second
after 30 days later. Foliar spraying with micronutrients was applied after 70 and 90 days
from sowing. The sub plot size was 21 m* (1/200 fed). All cuitural practices for growing
sugar beet were done as recommended.

Random samples of leaves were taken from each plot after 85 and 105 days
from sowing to determine photosynthetic pigments i.e. chiorophyll a, b and carotenoids
{mag/g fresh weight) according to the method of Wettstein (1957).

On the other hand, samples were taken at harvest {after 210 days from sowing) to
determine:
Root quality in the second season

- Sucrose (pol %), purity% and impurities {k, Na and g- amino N (meq/100g beet).

All traits were determined using automatic French system (Hycel)

-Some technological parameters: [sugar lost to molasses (SLM), sugar  extractable
(SEx) and alkalinity coefficient (AC) were calculated using an automatic French system
(Hycel).

-Root and sugar yields (ton/fed),

Root elemental uptake in two seasons

- N as macro elements.

- Zn, Mn, and Fe as microelements

All elements were determined according to A.Q.A.C. (1990)
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Yield components in two seasons -

- Average root length and root diameter/plant (cm).

- Average fresh weight of roots and tops/ plant (Kg).

Analysis of variance was computed for each trait in each season according to Steel &
Torrie (1980). Least significant differences (LSD) at 5% level of probability were used
to compare treatment means.

RESULTS AND DISCUSSION

Photosynthetic pigments
Effect of N fertilizer rates
Results of photosynthetic pigments i.e. chlorophyll a, b and carotenoids in

2008/09 (I) and 2009/10 (II)} seasons are listed in Table (2). Data showed that
decreasing N rate to 75% of RR significantly decreased chiorophylt a, b and
carotenoids in the samples at 90 and 120 days from sowing in both seasons except
chlorophyll a and carotenoids in the first season in sample at 90 days from sowing. On
the other hand, increasing the rate of N to 125% of RR increased chlorophylt a, b and
carotenoids in the two samples in both seasons. The increases were significant in the
second sample at the age of 120 days in both seasons. This increase may be due to
the positive effect of N fertilization on the vegetative growth of sugar beet plants and
consequently increasing the photosynthetlic area capable for solar energy conversion,
Similar results were obtained by Moustafa and Omran (2006).
Effect of micronutrients

Foliar spray with Zn, Mn and Fe individually or in mixture significantly
increased chlorophyil a, b and carotenoids in both samples in the two seasons as
compared with control (without micronutrients).The mixture of micronutrients
together was the best treatment where, it gave the highest value of chlorophyll a, b
and carotenoids in both seasons in two samples ages. The positive effect of
micronutrients may be due to its role as activator or coenzymes in all vital biosynthetic
processes in plant such as chiorophyll synthesis. The same trend was obtained by'
Soudi and El-Guibali (2008) who found that Fe with Zn tended to show significantly an
increase in }Jhotos-ynthetic pigments.
Effect of the interactions

Data in Table (2) showed that there was a significant difference among all
interactions order on chioroph’ylr a, b and carotenoids in both samples except
chlorbphyli a in-the first sample in both seasons and chlorophyll b in the second
sample in the first season. In general, the interaction between N fertilizer at the high
rate and the mixture of Zn, Mn and Fe was the superior treatment, where, it exhibited
the highest i:hl_orophy[l a, b and carctenoids values.



Table 2. Effect of different rétes of nitrogen fertilizer with some micronutrients on photosynthetic pigments.

/2 72 "y GYNIIZ 'V4v.LSNOW

First sample at 85 days from sowing . Second sample at 105 days from sowing
Treatments : :
N Kg/fed chi A ch 8  Carotienoids chl A chi B Carotienaids
2008/09 | 2009/10 | 2008/09 | 2009/10 |} 2008/09 | 2009/10 | 2008/09 | 2005/10 | 2008/09 | 2009/i0 ; 2008/03 | 2009/10
control 1.10 1,15 0.580 0.591 0.399 0.401 143 1.47 0.601 0.596 0.365 0.360
Zn 1.16 1,18 0.605 0611 0412 0.410 1,55 1.60 0.719 0.710 0.510 0.512
N1 (60 Mn 1.21 1.19 0.624 (.630 0.421 0.419 1.49 1.68 0.688 0,653 (.489 0.510
kg/fed) Fe 1.33 1.32 0.629 0.635 0.442 0.441 1.61 1.71 0.720 0.712 0.546 0.553
Zn+Mn+Fe 1.36 1.39 0.641 0.639 0.448 0.445 1.68 1.77 0.801 0.810 (.608 0.600
Means 1.23 1.25 0.616 0.621 0.424 0423 1.55 1.65 0.706 0.696 0.504 0.507
control 1.15 1.18 0.600 0.628 0.407 0.411 1.51 1.35 0.611 0.606 0.381 0.381
Zn 1.23 1.23 0621 .| 0.619 0.418 0.420 1.59 i.62 0.725 0.719 0,499 0.508
N2 (80 Mn 1.25 1.31 0.634 0.628 0.424 0,425 1.73 1.75 0.700 0.710 0.483 0.495
kg, }f(ed) Fe 1.40 1.45 0.651 0.655 0.438 0.440 1.82 1.88 0.741 0.749 0,566 0.555
Zn+Mn+Fe 1.42 1.50 0.680 0.631 0.451 0.455 1.90 2.00 0.813 0.815 0.617 0.621
Means 1.30 1.33 0.637 0.642 0.428 0.430 1.71 1.76 0.718 0.720 0.509 0.512
control 1.20 1.19 0.611 0.615 0415 0415 1.69 1.65 0.656 0.660 0.389 0.390
Zn 1.33 1.31 0.628 0.630 0.422 0.429 . 1.85 1,90 0,778 0.775 0.523 0.532
N3 (100 Mn 1.38 1.34 0.635 0.638 0.433 0.430 1.73 1,81 0.723 0.730 0.510 0.511
kgf}ed) "Fe 1.55 148 0.660 0.664 0,443 0.438 1.96 1,98 0.752 0.761 0.581 0.576
n+Mn+Fe 1.60 1.52 0677 0.673 0.462 0.458 208 2.10 0.815 0.818 0.620 0.618
Mearns 1.41 1.37 0.642 0.644 0,435 0.434 1.86 1,89 0.745 0.749 0.525 0.525
control 1.15 1.17 0.597 0.611 0.407 0.409 1.54 1,55 0.623 0.621 0.378 0.377
Mean of Zn 1.24 1.24 0.618 0.620 0,417 0,420 1.66 1.71 0.741 0.735 0.511 0.517
miero- Mn 1.28 1.28 0.631 0.632 0.426 0.425 1.65 1.75 0.704 0.698 0.494 0.505
nutrients Fe 1.43 1.42 0.647 0.651 0.441 0.440 1.80 1,86 0.738 0.741 0.564 0.561
Zn+Mn+Fe 1.47 1.47 0.666 0.664 0.454 0453 1.89 1.96 0.810 0.814 0,615 0.617
éN; 0.14 0.06 0.006 0.009 0.007 0.004 0.67 0.04 0.006 0.005 0.003 0.005
LSD of 5% M 0.07 0.10 0.004 0.008 0.003 0.004 0.05 0.04 0.015 0.007 0.006 0.006
e NxM N.S N.S 0.007 0.014 0.007 0.007 0.08 0.07 NS 0.012 0.010 0.011

6001
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Root quality and some technological parameters
Effect of N fertilizer rates

Root quality comprises several parameters i.e. sugar content, impurities or non
sugar (such as potassium, sodium and a-amino N} and juice purity. Resuits in the
second seasons are presented in Table (3) and indicated that, N dressing at the rate
60 kg N/ffed {75% of RR) decreased all the root quality traits i.e. sucrose %,
impurities {Na, K and a- amino N) and juice purity % as compared with RR. It is worth
to mention that the reduction was significant for sucrose % only. Data also cleared
that excess nitrogen (125 % of RR) increased root sucrose% but statistically was not
significant. While, all impurities traits were significantly increased. On the other hand,
juice purity was significantly decreased. From above mentioned resulits, it is important
to note that underrate or overrate significantly decreased most root qualities. In this
connection, Mifford and Watson (1971) showed that excess nitrogen fertilizer
increased the fraction of the assimifate entering the root that was used in growth at
the expense of that stored as sugar. Thus, plants with more nitrogen had a smaller
proportion of their root dry weight as sugar because more as used in growth. The
reduction in purity % was defected from exceed N dose over rate may be due to the
increase in non sugar contents such as a-amino N which affected sugar accumulation
in roots and hence sugar extraction. The above results are partially in agreement with
those recorded by Jozefyova et al, (2004) who found adjust N doses resuited in better
guality due to decreasing amino-N concentration of sugar beet by about 30% and less
residual nitrate after harvest. Oversupply as well as undersupply of soil nutrients, in
particuiar of nitrogen, means a reduction of quality of the harvested product.

Dealing with the effect of the two N fertilizer levels (60 and 100 Kg N/fed) on
some technological parameters i.e sugar loss to molasses (SLM), sugar extractable
{SEX) and sugar coefficient {SCo) at harvest time as compared with RR (80 kg N
ffed). Data in Table (3) showed a significant decrease in SLM, SEx and SCo as N
application at 75 % of RR. While, overrate of N (125 % of RR) led to significant
increase SLM only. Such effect may be due to that excess N significantly increased ali
impurities as mentioned especially a-amino N, which necessarily had to be taken into
account in almost all calculations aimed at assessing the contribution of the non-

sugar to potential loss of sugars into molasses (Van Geijn et al, 1983).



Table 3. Effect of different rates of nitrogen fertilizer with some micronutrients on root quality and some technological parameters.

A =R gVNIIZ ‘V4vL5NOW

Treatments Sucrose Impurities (meq/100 g beet) purity Some technological parameters Root Sugar

N Kg/fed {Pal %) yield Yield

Nitrogen (N) Micronutrients(M) Na K a-amino-N SLM SEX SCo {t/fed) (t/fed)
control 15.50 1.49 3.08 1.22 94.02 1.42 13.46 86.80 28.8 4.46

Zn 16.50 1,44 3.33 1.29 94.12 1.49 14.41 87.33 29.6 4.89

N1 (60 Mn 16.10 1.46 3.40 1.29 $3.50 1.50 14.00 86.91 28.7 4,62
kg/fed) Fe 16.80 1.43 3.44 1,38 94.05 1,53 14.67 87.33 28.9 4.85
Zn+Mn+Fe i7.25 1.41 3.52 1.57 93,98 1.58 15.07 87.35 30.5 5.26

Means 16.43 1.45 3.35 1.35 94,02 1.51 14.32 87.14 29.3 4.82

control 16.38 1.56 3.19 1.28 94.10 1.49 14.30 87.26 298 4.89

Zn 17.56 1.49 3.34 1.34 94.34 1.51 1545 §7.97 29.9 5.25

N2 (80 Mn 17.50 1.52 3.48 1.31 94.21 1.53 15.37 87.84 30.2 5.28
kg/fed) Fe 17.82 1.45 3.67 1.42 94.12 1,57 15.65 87.81 31.9 5.69
Zn+Mn+Fe 17.90 1.45 3.74 1.60 93.95 1,63 15.67 87.56 32.7 5.86

Means 17 43 1.49 3.48 1.39 94.15 1.54 15.29 87.68 30.9 5.39

control 16.52 1.61 3.07 1.33 94.17 1.49 14.43 87.36 31.0 5.12

Zn 17.74 1.53 4,09 1.40 94.52 1.50 15.64 88.17 316 5.60

N3 (100 Mn 17.70 1.58 4,09 1.49 93.59 1.67 15.43 §7.19 32.7 5.58
kg/fed) Fe 17.90 1.53 4,25 1.59 93.48 1.71 15.59 §7.11 323 5.79
Zn+Mn+Fe 18.65 1.48 4,31 1.80 93.55 1.76 16.30 87.34 35.4 6.60

Means 17.70 1.55 3,76 1.52 93.86 1.62 15.48 87.44 32.4 5.74

control 16.13 155 3.1 1.28 94.10 1.47 14.06 87.14 299 4.82

Mean of Zn 17.27 1.49 3.25 1.34 94.33 1.50 15,17 §7.82 304 5.25
micro- Mn 17.10 1.52 3.66 1.36 93,90 1.57 14.93 §7.31 30.1 5.16
nutrients Fe 12.51 1.47 3.79 1.46 93.89 1.60 15.31 87.42 31.0 5.45
Zn+Mn+Fe 17.93 1.45 3.86 1.66 93.83 1.66 15.78 87.42 329 591
{N) 0.44 0.06 0.14 0.07 0.14 0.02 0.44 0.35 1.12 0.21
L.S.D of 5% (M) 0.47 0.04 0.10 0.04 0.19 0.02 0.47 0.39 1.40 026
NxM N.S N.S 0.17 0.07 0.33 N.S N.S N.S N.S NS

1101
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Effect of micronutrients

Data in Table (3} illustrated that in general, foliar spray with Zn, Mn and Fe
individually or in mixture significantly increased sucrose %, impurities as K and a-
amino N but significantly decreased Na as compared with control {without
micronutrients). These results led to significant decrease in juice purity under Mn, Fe
and the mixture of Zn+Mn+Fe, It is worth to mention that beet sprayed with the
mixture of Zn, Fe and Mn gave the highest percent of sucrose and the lowest percent
of purity. Such effect may be due to that the increase in impurities was much higher
than the increase in sucrose%.

As for the effect of micronutvients on some technological parameters, the
available data in Table (3) showed significant increase in SLM and SEx as compared
with control {without micronutrients). From results, it is mentioned that in spite of
micro-nutrients particularly, the mixture of Zn, Mn and Fe increased sugar loss to
molasses, the extractable sugar increase may be due to the highest increase of
sucrose%. These results coincide with those reported by Moustafa et al, (2006},
Moustafa and Omran {2006) who stated that treating sugar beet plants with trace
elements have a considerable influence on the metabolic activities and in turn exert
an increase in its sugar content,

Effect of the interactions

The interactions between N rates and some micronutrients Mn, Fe individually
or the mixture of Zn+Mn-+Fe significantly affected K, a amino N and purity. Meantime
the highest purity was obtained when beet treated with N at 125% of RR and foliar
spray with Zn. Data also cleared that all interactions significantly affected both SLM,
SEx or SCo. )
Root and sugar yield
Effect of N fertilizer rates

Data In Table (3) revealed that decreasing the rate of N to 75% of RR
significantly decreased roots and sugar yield. On the contrary, increasing N rate to
125% of RR significantly increased roots and sugar yield.
Effect of micronutrients

Treatment with Zn, Mn or Fe individually caused increase in root yield but this
increase was not significant (Table, 3). Whereas, the mixture of them led to significant
increase in roots yield. As for, sugar yield, it was significantly increased due to foliar
sprays with Zn, Mn and Fe individually or in mixture. The present results are in
harmony with those of Moustafa et al, (2006) who found that Fe, Zn and Mn
significantly increased roots and sugar yields.



MOUSTAFA, ZEINAB R., et &/ 1013

Effect of the interactions

The interactions between N fertilizer rate and micronutrients did not show any
significant increase for roots or sugar yield.
Yield component
Effect of N fertilizer rates

Root length and root diameter as well as root and top fresh weights as affected
by three rates of nitrogen are presented in Table (4).

Results cleared that growth traits mentioned above significantly decreased by
decreasing the rate of N fertilizer from 100 to 75% of RR at harvest in both seasons
except for fresh weight of root. On the other hand, the high N fertilizer (125% of RR)
increased all growth traits in both seasons as compared with RR at 80 Kg N/fed. The
stimulatory effect of N may be due to its effect on plant carbohydrates metabolism
which, led to better growth and dry matter accumulation, Also these results may be
attributed to the excess of N stimulate absorption of water which increased fresh
weight of plants {Milford and Watson, 1971). In this connection, Selim et al (2009)
found that foliar application with urea significantly increased root length, root
diameter, root fresh weight and sugar vield.

Effect of micronutrients

Foliar spray with Zn, Mn and Fe individually or in mixture significantly affected
root length and diameter as well as fresh weight of root and tops. Meantime, the
increases were significant by using the mixture of Zn + Mn + Fe followed by Fe alone
in both seasons as compared with control (without micronutrients). The pronounced
effect of micronutrients is mainly due to their effect on growth hormone production
which has a direct effect on plant growth. These results are in agreement with those
obtained by Soudi et al, (2008) who found that the mixture of Mn+Zn+Fe has
significantly increased all root and top growth parameters of sugar beet plants.

Effect of interactions

The interactions between N fertilizer rates and micronutrients affected
positively but insignificantly all growth traits (Table 4).

Root nutrients uptake:
Effect of N fertilizer rates:

Application of N at the rate 60 kg N/fed (75% of RR) significantly decreased N
uptake {macronutrient) as well as Mn and Zn (micronutrients) but insignificantly
decreased Fe (Table, 5). Contrary results, were obtained when sugar beet plants
treated with N at 125% of RR, Where it gave significant increase in N, Zn and fe in
both seasons. Such effect may be duo to that N enhanced the uptake of other
minerals, which finally was reflected as better growth. In this connection (Cai, and Ge,
2004) found that the nitrogen content of sugar beet plant was significantly and
positively correlated with nitrogen amount used.



Table 4. Effect of different rates of nitrogen fertilizer with some micronutrients on growth parameters.

Treatments Fresh weight of root (kg/plant) Fresh weight of Root Length (cm) Root Diameter
N Kg/fed Top(kg/plant) cm)
2008/09 2009/10 2008/09 2009/10 2008/09 2009/10 2008/09 2009/10
control 0.900 0.927 0.513 0.547 27.0 29.0 13.4 14.0
Zn 0518 0.933 0.551 0.535 28.2 295 13.7 143
N1 (60 Mn 0.911 0.941 0.523 @.551 28.0 29.0 13.5 13.9
ko/fed) ) 0.935 1.033 6.567 0.593 27.8 30.5 140 14.5
Zn+Mn+fe 0.954 1,038 0.578 0.605 28.0 30,6 14.2 14.6
Means 0.924 0.974 0.546 0.572 27.9 29.7 13.8 143
control 0.918 0,943 0.531 0.587 30.8 3L.0 14.0 15.0
Zn 0.937 0.948 0.561 0.580 31.5 325 14.9 15.5
N2 (80 Mn 0.930 0.965 0.537 0.601 30.3 31.5 142 15.0
kg/fed} Fe 4.967 1.043 0.599 0.623 31.8 325 15.0 155
Zn+Mn+Fe 0.991 1.150 0.653 0.625 33.6 33.8 15.2 15.7
Means 0.949 1.G10 0.576 0.605 3156 323 14.7 153
control 0.977 0.980 0.627 0.623 798 32.0 14.8 16.0
Zn 0.993 0.983 0.638 0,637 33.0 34.0 15.5 16.0
N3 (100 Mn 0.986 0.991 0.643 0.641 33.2 335 15.1 16.0
kg/ted) B 1.019 1.126 0.698 0.679 33.5 34.0 15.8 16.5
ZntMn+fe 1.040 1.246 0.696 0.690 33.8 34.0 15.8 16.6
Means 1.003 1.065 0.660 0,654 32.7 336 15.4 16.2
control 0,932 0.950 0.557 0.586 79.2 30.7 i4.1 15.0
Mean of Zn 0.949 0.955 0.583 0.597 30.9 32.0 14.7 15.3
micro- Mn 0,942 0.966 0,568 0.598 30.5 313 143 15.0
nutrients Fe 0.974 1.057 0.621 0.632 31.0 323 14.8 i5.5
Zn+Mn+Fe 0.995 1.155 0.642 0.640 320 329 15.7 i5.6
o) 6.026 0.054 0.012 0.013 0.845 0.589 6.713 0.567
0,
15D of 5% o 8.015 0.045 0.012 0.012 1.050 0.939 0.601 0.332
N.S N.S NS N.5 N.S N.S N.5 NS

SINTRALNNOEIIW IWCS ANY ¥IZNLLY3d NIDOHLIN Ag
G3ONINTINT SV 1338 ¥VONS 30 ALTIVOD ANV ALIALLINAOYUd
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Table 5. Effect of different rates of nitrogen fertilizer with some micronutrients on root nutrients uptake.

Trﬁa}%ﬂggg Macronutrient Micronutrients
_ ] ) N(g/plant) Mn{mg/plant) Zn(mg/plant) Fe{mg/plant)
Nitrogen (N) Micronutrients (M) 2008/09 2009/10 2008/09 2009/10 200809 2009/10 2008/09 2009/10

control 1.66 204 2.98 6.01 314 3.62 7.26 8.13

Zn 2.21 2.46 5.77 6.14 3.95 485 7.80 8.42

Mn 246 2.62 8.85 793 332 404 8.03 833
N1(60 kg/fed) Fe 273 2.95 6.33 6.91 3.49 4.34 10.65 1229
Zn+Mn+Fe 3.07 3.28 9.04 7.50 4.83 5.20 9.68 9.87

Means 243 267 7.00 6.90 375 441 5.68 9.41

control 266 283 5.25 6.55 3.79 3.77 8.02 8.50

Zn 3.12 3.05 6.29 7.09 4.80 550 832 8.72

M 3.03 3.18 9.16 9.27 4.16 4.63 8.49 8.77

N2 (80 kg/fed) Fe 3.39 375 8.42 7.63 467 5.00 1143 1281
Zn+Mn+Fe 373 463 10.19 8.50 5.80 6.65 921 1150
Means 3.19 3.29 8.10 7.81 2.64 5.11 9.09 10.06

control 313 3.19 6.61 7.9 477 519 9.07 9.17

Zn 353 348 5.8 8.29 5.68 5.90 9.23 9.33

Mn 337 335 1048 10.62 5.16 5.25 9.26 9.5

N3 (100 ka/fed) Fe 408 426 9.01 842 4.9 552 1249 14.18
Zn+MniFe S.02 5.84 12.45 9.50 6.49 7.98 1011 12.80
Means 382 2.02 9.08 8.95 5.42 5.97 10.03 11.00

control 2.48 2.69 545 6.83 3.90 4.20 8.12 8.60

Zn 295 3.00 6.37 717 481 5.42 8.45 8.82

Mean of micro- Mn 2.9 305 350 9.7 221 464 8.60 8.87
nutrients Fe 3.40 3.66 7.02 7.66 439 4.95 1152 13.09
Zn+MniFe 394 4.58 10.56 8.50 5.71 6.61 9.67 11.39

éN} 0.07 0.23 0.97 0.64 0.24 0.46 0.55 0.94

LSD of 5% M 0.18 0.22 103 0.78 036 0.47 037 0.64
NxM 0.31 0.3 N.S N.S N.S N.S NS N.S
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Effect of micronutrients

Foliar application of micronutrients i.e, Mn, Zn and Fe significantly increased

their uptake and aiso N uptake. Data also found that spray with the mixture of Mn, Zn

and Fe was the best treatment where, it gave the highest values for N, Mn, Zn and Fe

uptake.
Effect of interactions

The interactions between N rates and studied micronutrients gave significant

increase for N uptake only. Treatment with N at the rate 125% of RR along with foliar

spray with the mixture of Zn, Mn and Fe gave the best values of N uptake than other

interactions under study.

10.
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