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AN EVALUATION OF VARIOUS MINERAL AND
BIO-FERTILIZERS APPLICATIONS ON GROWTH,
PRODUCTIVITY AND SEED OIL CONTENT OF
NIGELLA SATIVA IN CALCAREOUS SOILS

Migahed, H. A. M.
Medicinal and Aromatic Plants Dept., Desert Rescarch Center, El-Matareya,
Cairo, Egypt.

Two ficld cxperiments were carried out in a clay loam
calcarcous soil to evaluate different applications of mincral
and bio-fertilizers on growth, yield and oil content of Nigella
sativa. Large difference in the growth of plants between the
control and all fertilizer treatments were recorded. The seed
yield, oil content, yield of oil and nutrients uptake improved
significantly (P < 0.05) by the application of ammonium sulfate
(300 kg/fed) + Azotobacter. Improvements were also noticed,
but to a lesser extent, by the application of ammonium sulfate
(300 kg/fed) alone or ammonium sulfate (150 kg/fed) +
Azotobacter in descending order. Mincral nitrogen and
Azotobacter individually or in combination increased plant N
content, There was a slight improvement in the P and K content
due to the application of Azotobacter.

Keywords:  Nigella sativa, Azotobacter, Nitrogen, Micro-nutrients,
carbohydrates, Black cumin oil,

Nigella sativa L. (Ranunculaceae) is used in traditional medicine for
culinary preparations and as an ornamental in many countrics and is
considered for its abundant nectar secretion (D’ Antuonon ef al., 2002). The
oil of black cumin is mainly produced in Egypt and India. It is known that
the region of production of black cumin is Upper Egypt where it was used as
diuretic, carminative and flavoring agent. Expressed oil is used for treatment
of asthma (Hashim e/ al,, 1997) and possesses antispasmodic activity
(Aquel, 1993). Studies were carried out on plant morphology (Al-Jassir and
Rizk, 1992), dry sced protcins (Datta ef al., 1987), sced oil propertics (Ustun
et al., 1990) and on components during seed sprouting (Abd El-Hamid ef al.,
1997). However, few studies have been carried out on the effect of balanced
fertilizer application on the crop production. Sources of fertilizers namcly
mineral, organic and bio-fertilizers arc in usc. The most common source,
mineral fertilizers, is also useful for trecatment of nutrient deficiencics.
Organic fertilizers, on the other hand, are characterized by slow releasc of
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nutrients, but have tremendous benefits in improving soil condition. Organic
fertilizers increase water-holding capacity of the soil, form a good store for
minerals and improve soil microbial activities, Organic fertilizer may be
required in large quantitics not casily available particularly in the remote
deserts. Bio-fertilizers may introduce a good substitute as a source of
minerals as it encourages the microbial activities that play a role in
dissolving nitrogen, phosphorus and some other elements in addition to its
safe use as a clean source of fertilizer. This study, therefore, aims to cvaluate
effects of different rates of mineral and bio-fertilizers application on the
growth and yield of Nigella sativa with emphasis on the potentiality of the
soil used.

MATERIALS AND MEHTODS

This experiment was carried out for two successive years viz 2000
and 2001 at Maryout Experimental Farm of the Desert Rescarch Center Suil
samples were collected from the site prior to planting. Irrigation water was
also tested during the process of the experiments. The main physical and
chemical properties of the studied soil are illustrated in table (1)

TABLE (1). Soil physical and chemical properties.

a- Physical properties.

Depth (em) Sand Silt Clay | Texture
0-30 322% | 30.1% | 37.7% |  Clayloam
b- Chemical properties. ——
EC CaCOy OM|  Soluble cations and anions (meq/L)
dSim| pH | % | % [ Na [ Ga [ Mg | K| €l THCO S0,
59 | 81| 32 |03 25 [ 23 [ o | 2 130 9 [

Irrigation was carried out every 10 days with poor quahty waer
having salinity of 4100ppm. Treatments used in this experiment i luded
application of nitrogen in the form of’ ammonium sullate at the rates of 130
and 300 kg/fed, spraying of micronutrients (Zn, Mn, Fe, Cu) at the rates of
1% and 2%, and inoculation with Azotobacter and combimnanon ol
Azolobacter with each of nitrogen and micronutrients at the same rates
Applications ol all treatments were carried out i three equal doses at
monthly intervals from the planting date (carly in October every scison)

Nigella sativa was<the task crop on which all common and
recommended  field practices were used from planting 10 hanvestng
Vegetative growth parameters were measured at full maturity. Seed and ol
yields were estimated. Plant macro- and micro-nutricnts were determined
according to Chapman and Pratt (1961). Carbohydrates were determmed
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according to Chaplin and Kennedy (1994), Split plot design was used and
data was analyzed according to Snedecor and Cochran (1980).

RESULTS AND DISCUSEION

Fertilization of crops aims usually to improve plant growth which is
normally reflected on the yield obtained, Fertilization may also improve
vield quality and thus the market value of such yield, Growlh parameters
difter from crop to crop but mainly include plant height. number of branches
per plant. fresh weight and dry weight of plant, Yield parameters also dilfer
with crops and the most important ones for Nigella sativa are seed yield, oil
content and oil yield. Fertilizers may induce noticeable changes in plant
contents of elements in such lertilizers. Effects of fertilizers applied on plant
mineral content of N. P, K. Fe, Zn. and Mn may be helplul in the evaluation
of all the treatments of the trial in hand. Some ol these parameters will be
highlighted below.

Plant Growth

Plant height at maturity ranged from 35 to 70 em (Table 2). It was observed
that N application had remarkable increase on plant height compared with
other treatments, Nitrogen forms essential components of the protein
responsible for plant growth. Higher plant height accompanied the higher
rate of N (300 kg/fed). Application of combined N with Azotobacler gave
almost the same positive response 1o Azotobacter alone implying their
suitability as a substitute for each other, The preference of either may be
subject to their availability, cost involved, case ol application and desire of
the user. Although micro-nutrients + Azotobacter incrensed plant height,
their effect was less than the former treatments.

Table (2) showed that number of branches per plant also increased in
response to N application. Azotobacter alone also had similar elTect, It seems
that application of N either in the form ol ammonium sulfate or as bio-
fertilizers in the form of bacteria had a noticeable effect on plant growth,
This may be attributed to the significant role of N in improving plant growth,
on one hand, and to the deficiency status of this element in the soil, on the
other hand. Soil of this experiment was characterized by low content of
organic matter and available nutrients, but by high calcium carbonate ('Table
2). This may explain the response of this soil to all treatments. In other
words. soil content of N seemed to be very poor and thus the profound
response observed on plant growth by all treatments.

Fresh weight of plants followed almost the same trend with plant
height and number of branches. This may be so since all of them are
integrated and responsible for plant growth and condition. Also, dry weight
of plants followed the same pattern (Table 2), These results are in agreement
with those reported by Das ef al. (1991) and El-Deeb ef al. (1993) on Nigella
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sativa, El-Sawy e al. (1998) and lbrahim (2000) on Anmuni visnaga and
Ramar ef al. (2000) on Foeniculum vulgare.

TABLE (2). Effect of {reatments on plant growth parameters of Nigella
sutiva in hoth seasons (2000 and 2001).

Plant hieight (cm) No. of branches  |Fresh weight (g/plant)|Dry weight (g}planljl
Freatments | 2000 2001 2000 2001 2000 2001 2000 2001
Conol | 378£201 [ 378223 | 20602 | 23203 | 4606£27 | 507417 | 280416 [320£] ()
NI 504484 | 49521 6| 16203 35204 $10£36 | 7354826 | 674230 |58 8+2 |
N2 G99£22 1 64 12340 | 13202 | 41207 | 875420 [K13427 | 744%17 [J08+2 3
Micro 1% (473232492419 | 29£03 32403 624420 (646217 | 482%15 [5024] 3
Micro 2% |49 1228 |510433 | 35203 36403 602+ 7 |694£1 7| 518513 |54 8l Y
Azota 59613631+ 7| 38202 42404 TA8+d 4 | 825227 | 598+£335 [h7842 |
Nyt dzom | 6464335384226 3803 | 34101 T70£28 | 733430 | 66224 [ 542 3
Ned dzopo | 664235 |70 150 45801 | 40£02 | 8904£]1 1 | 83933 | 775209 [72 1429
Mictogt Azt | 32 7435 1| 538 3428 | 3 12010 36402 67216 |693L34 | 544£]13 |57 3425
Microgt Az | 60 7%1 5| 65313 | 335202 318201 732£29 | 749437 600£24 129231
LSD (5%) 62 13 03 04 39 30 1.5 14

Nz Ammaoniwm sulfate (130kg/fed). Na: Ammonium sulfate (300kg/fed),
Microg: (Zn, Mn, Fe, Cu) at 1%, Microy: (Zn, Mn, Fe. Cu) al 2%.  Azoro.: Azotahacter

It could be concluded that in such a poor soil the application of
fertilizer is necessary to guarantee reasonable plant growth, Higher rate of
ammonium sulfate (300 kg/fed) seemed to be the best, however, the uses of
Azolobacter either alone or in combination with mineral N could be a
satisfactory substitute. Application of micro-nutrients improved plant growth
to a lesser extent (Table 2).

Seed and Oil Yield

Seed yield was improved significantly by all fertilizer sources (Table
3). The highest seed yield was obtained by the application of the higher rate
of 300 kg/fed of ammonium sulfate. This was in agreement with Singh and
Singh (1999) and Datta er al. (2001). Application of higher rate of N alone
or in combination with Azotobacter had almost the same result and ranked as
the second choice among all treatments. Micro-nutrients application cither
alone or in combination with Azotobacter though slightly improved sced
yield was not very effective in this regard. This proved that abundance of
micro-nutrients in the absence of N had little effect in increasing seed yield.
In other words, the availability of balanced fertilizer is much more important
than increasing the rate of some nulrients on the expense of others. It is,
therefore, recommended 1o use N (300kg/fed) + Azotobacter for the
improvement of sced yield. In the absence of Azotobacter, N (300kg/fed)
alone could be a satislactory substitute. Use ol Azotobacter enhanced sced
yield probably due to the effect on the enzymatic systems responsible for the
storage of foods (Ibrahim, 2000). For this rcason, application of Azotobacter
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may be justified inspite of the little improvement in seed yield compared

with the application of nitrogen alone.

TABLE (3). Effect of treatments on seed and oil yicld and oil content of
Nigella sativa in both seasons (2000 and 2001).

Seed yield (kg/fed) Qil content (%) il vield (Vled)
Treatments
2000 2001 2000 2001 2000 2001
Control 243240 29111 0.1520.03 0.200.01 2553 31zl
NI 403244 378232 0.5120.06 0.47£0.04 REE 49=4
N2 51132 49022 0.7120.04 0.69+0.02 7525 71=3
Micro 1% 273=11 315221 0.27=0.01 0.3320.02 281 3442
Micro 2% 301x16 37832 0.30£0,02 0.4120.06 3212 402
Azolo 43138 487=16 0.57x0.05 065002 60=5 692
N1+ Azoio 52528 49411 0.69x0.03 0.6620.01 7524 69=1
N2+ Azolo 599=21 37116 0.85£0.03 0802002 893 8422
Microl+ dzo0fo | 357=11 389221 0.42£0.01 0462003 44z 4923
Micro2+ Azoro 399221 47311 0.49z0.03 0.3920.01 513 62=1
LSD (5%) 41 24 0.03 0.04 3 3
N,;: Ammonium sulfate (150kg/fed). N.: Ammonium sulfate (300kg/fed).
Microy: (Zn, Mn, Fe. Cu) at 1%. Micro,: (Zn. Mn, Fe, Cu) a1 2%. Azoto.: A-olobacter

Oil content of seed also increased along with the seed yield. This
may not be surprising as good plant growth and high seed yield. normally,
reflect on the quantity and oil content of seeds (Table 2). It could be
concluded that the highest seed yield, oil content and yield of oil were
significantly improved by the application of ammonium sulfate (300kg/fed)
+Azotobacter. Such improvements were noticed but to a lesser extent by the
application of ammonium sulfate (300kg/fed) alone or ammonium sulfate
(150kg/fed) + Azotobacter.

Plant Chemical Composition

Results in Table (4) showed that plant nitrogen content increased
significantly (P < 0.05) with the application of N both rates. This is obvious
as the application of N in a mineral form directly to the soil increases its
availability. Also, treatment with Azotobacter increased the plant content of
N probably due to the well-known role of Azolobacter as a nitrogen
dissolving bacteria in the soil. Also, the highest content of plant N was
reached when N was used in combination with Azotobacter. Plant content of
N recorded 2.6 to 2.9% with N at higher rate (300kg/fed) + Azotobacter.
This was followed by the application of N at lower rate (150kg) +
Azotobacter, which recorded N plant content of 2.5 and 2.6%. Nitrogen
alone at higher rate recorded a plant content of 2.3 to 2.5%.

Phosphorus content of plants ranged from 0.2 to 0.3% in the two
experiments. Changes in P content could not be linked with the effect of any
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treatment (Table 4). However. a slight increase in P content of plant was
observed with all treatments that contain Azotobacter. This may be due 1o
the possible effect of inoculated bacteria on the enzymatic systems (Ibrahim,
2000).

Potassium content of plants ranged from 2.1 10 2.7% in the o
experiments. Changes in the plant content of K were inconsistent and could
nol be connected with treatments. The concentration of K in black cumin fell
within the range widely accepled between 1% and 5% of dry weight of mos
plants.

It must be remembered that K. unlike several other plant nutrients.
does not combine with other elements to form plant components such as
protoplasm. fats and cellulose. Instead. it exists in mobile ionic form and its
function appears to be primarily catalytic in nature (Tisdale er af.. 1985)

However, there was a slight increase in K content that accompan:ed
the application of Azotobacter. This may be due to possible effect of bacten,
on the biological activities in the soil in general and to s effect oy
enzymatic system in particular.

All the applications of mineral N alone or in combination wi
Azotobacter increased the plant N content. Application of Azotobacter had
the same effect. There was slight improvement on the content of P and &
accompanied the application of Azotobacter, though other treatments did no
show any significant effect on the plant content of P and K
TABLE (4). Effect of treatments on macronutrients contents of  Nigells

sativa in both seasons (2000 and 2001),

. Nitrogen (%) Phosphiorus ("«) Potassmm ( “v) f Swadeatt ("
2000 20014 2000 M1 oo Mol o ‘
Control  [1404007] 1 €0:06% | 620:001 | 020:000 | Y1000 41 | 2200000 a '
Nl 200:0 101 210000 | 030002 | 0 W=002 | 27000 )4 | T 1Y 0T g
N 210401 Y0018 | 0400002 | 010:000 | Yu0c0 08 | Voo s i i
Mo 1% [160:008] 1700009 | 0200000 | 0 We00? | 2aowo) | 2ro0nd rA :
Micro2% [150:008] 1504008 | 0305002 | 0 We0D2 | 2%0u 1V | 20010 | 0wy
Azoto, 200:0 11] 2000000 J 0400} | o000 | 20 d | 2000l " t |
NI Jdzoto, 1220003 260018 | 0000y | 040002 | 2uoiots | teoro " ' '
N2+ Azofe. [260:010] 2901018 | 0w00y | owoon | et | 2o | o tiuog |
Microl v 2o 22000 00 22000 1) | 04002 | D800 0? | w0V | 2 W0 | ue \ : i
NMicro2 + lzoke |20 0 11| 2200000 | 0400 | 0 tocon? | 20014 | 2000 " 4| )
1sD(s*s | 012 01 002 v U It 01 RN

Nz Ammonium sulfate (P30kgded). N0 Ammonnun sultate (00ky fed)
Microy: (Zn, Mn, e, Cu) at 1% Microg (Zn M Fe, Cudat 2% zode Don A

Sodium content in the plants ranged from 0.60 10 0.78% ( Lable 41
Changes in Na concentration were neither consistent nor remarkable and rall
within a very narrow range. Lack of comprehensive mtormation on
component of this crop in the literature made 1t dithicult 1 ginve precise
judgment on the level of Na in these experiments. However, e
concentration of Na here may be considered moderate in comparison with all
other nutrients, Tisdale ¢ al. (1985) reported that concentration of Na varies
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widely from 0.1 to as high as 10% in leaf tissue dry matter of plants,
Surprisingly, Na concentration in plants in these experiments did not reflect

the effect of the high salinity of irrigation water used. This suggests a sign of

selectivity in absorbing nutrients, which needs further elaboration.

Table (5) shows the plant content of Fe. Zn and Mn. Iron
concentration ranged from 186 1o 420ppm with irregular changes. This falls
within the sufficiency range between 50 and 250ppm in plant dry matter
reported by Mengel and Kirkby (1982). A noticeable increase of iron content
was observed with Azotobacter treatment and Azotobacter + N fertilizer.
Zinc concentration varied from 102 to 198ppm in black cumin plant which
was considered high compared with the average of 25 to 150ppm for most
plants.

Manganese concentration ranged from 9 to 20ppm. Normally, plants
contain from 15 to 25ppm. It seems that the plants of the control and those
receiving N showed Mn deficiency. while plants receiving other treatments
absorbed sufficient levels. This may suggest a role of bio-fertilizer in the
improvement of the availability of such elements in the soil and as a result of
the uptake of plants. The uses of bio-fertilizer, therefore, may be
recommended in such poor soil that lacks sufficient micro-nutrients.

TABLE (5). Effect of treatments on micronutrients contents of Nigellu
sativa in both seasons (2000 and 2001).

Iron (ppm) Zinc (ppm) Manganese (ppm)
Hocbncnts 3000 3001 | 2000 3001 3000 2001
Control 1869 195£10 10215 1075 90205 10.0£0.5
NI 21511 210£11 14527 13047 120£0 6 11.0£0.6
N2 225411 22011 15528 1477 12.520.6 119206
Micro 1% 32016 350+18 18019 172+9 166208 17009
Micro 2% 390+£20 409420 195£10 186+9 18 509 18.920.9
A-olo 24012 265+13 160+8 17019 13.520.8 14207
N1+ A=oi0 260£13 | 250#13 | 14847 139:7 128206 | 121206
N2 + A=olo 289514 | 270%14 | 159:8 1508 133207 13.0:07
Microl+ Azolo 360=18 37519 184+9 1809 18.5209 19110
Micro2+ Azoto 398+20 42021 19810 190=10 19.2£1.0 19.8+10
L.SD (3%) 17 18 10 9 0.9 09
Ni: Ammonium sulfate (150kg/fed). N;: Ammonium sulfate (300kg/fed).
Micro,: (Zn, Mn. Fe, Cu) at 1%. Micro,: (Zn, Mn. Fe. Cu) at 2%. zoto.: Azetobacter

Plant Uptake of Macro-nutrients

Table (6) shows the calculated plant uptake of N, P, K and Na.
These figures are useful in estimating the fertilizer requirement of this plant
for each element in this particular soil. The increase in plant uptake of an
element shows higher demand for that element as well as fertilizers. Plant
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uptake could, therefore, be used as an indicator for plant fertilizer

requirement.

TABLE (6). Effect of treatments on macronutrients uptake of Nigellu
sativa in both seasons (2000 and 2001).

N (kg/fed) 1" (kg/fed) K (kg/fed) Na (kg/led)
I reatments
2000 2001 2000 | 2001 2000 2001 2000 2001
( ontrol 93405 1122406 [1.920.1|2.4£0.1 [17.5£0.9 | 18.4£0.9 [6.24£0.3 [6.6403
NI 352418 (31.941.6[4.740.2 |4.820.2 |42.622.1 [42.5+2,1 |11.420.6/10.540.5
N2 39.3:2.0 [38.541.9(6.70.3 |6.1£0.3 [47.842.4 |46.5%2.3 [12,540.611.420.0

Micio 1% (21406 |14.140.7 12.940.1 [3.640.2 28,31 .4 132,64 1.6 | 74204 |8.4+0.
Micra 2% 16,9408 |21.041.1|3.740.2 [3.940.2 [32.7£1.06 |34.7£ 1.7 |9.120.5 |9.540.5
[0 3204 1.0 133.121.7 [6.240.3 [7.7£0.4 |40.242.0 |40.4£2.0 [10.420.5{11.740.6
NI Cdzot (379419 136,84 1.8 |7.040.4 16.3£0.3 |43.342.2 |37.12 1.9 | 11.0£0.5|9.920.3
N2z (167423 (471424 (87404 [7.8£0.4 |51.842.0 [43.0£2.2 [13.440.7{12.740 6
Mitot Lo 129 041,53 [31.04 1.6 |4.040.2 |5.620.3 [32.941.6 |32.62 1.6 [9.050.4 |9.840 3
MicoZe Gt (31 94 1.6 [34.141,7 |5.040.3 [6.6£0.3 [38.941.9 [39.322.0 | 10.040.5] 1.040.0
15D (5%) 1.7 1.8 0.3 0.3 2.3 2.0 .6 L6

Ny Ammonium sullate (130kg/ted). Na: Ammonium sulfate (300kg/led).
Microg: (/n, Mn, Fe, Cu) at 1%. Microy: (Zn, Mn, Fe, Cu) al 2%.  Azolo.: Azotohacter

Soluble Sugars and Carbohydrates Contents

Carbohydrates do not only serve as a source of energy, but they also
furnish the basic carbon skeleton for all other organic substances found in
plants (Malik and Srivastava, 1982). The ratio of soluble sugar and total
carbohydrates may be taken as an indication of oil formation in plants
(Chaplin and Kennedy, 1994). In these experiments, total carbohydrates
ranged from 9.2% to 15.7% in the first experiment (2000) and from 10.6% to
17.8% in the second experiment (2001). Changes in total carbohydrates were
irregularly affected by treatments though a noticeable increase accompanied
the second dose of nitrogen and the second dose of N + Azotobacter. Soluble
sugar ranged from 1.8% 10 2.9% in the first experiment and from 1.9% 1o
3.0% in the second experiment (Table 7). Ratio between soluble sugar and
total carbohydrates  showed negligible changes that could not be
confidentially taken as a guide or an indicator for oil formation.
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TABLE (7). Effect of treatments on soluble sugar (SS), total
carbohydrate (TC) and SS/TC ratio in Nigella sativa in
both seasons (2000 and 2000).

Soluble sugar (%) Tatal carbohydrate (%) S8

Ll B 2001 2000 2001 2000 2001
[Contral 180009 [190£010 19204046  [1060£053 [0.20:001 |0 18+0.01
N1 240£0.12  [2.5020.13 12.90£0.65 |13.30£0.67 10.19£0.01  [0.19£0.01
N2 260013 [2.8020.14 1490£0.75 |16.80£0.84 [0.17£0.01  [0.17£0.01
Micro 1% [2000.10  [21020.11 10202051 [12.60£0.63 [0.20:001  |01720.01
Micro2%  |2.10£0.11 2.20£0.11 [140£0.57 [1350£0.68 |[0.182001 |0 16001
Azoto. 2.30%0.12  |2.50+0.13 12,10£0.61  {1290£0.65 [0.19001  |0.19£0.01
NI+ 4z010. |2.60£0.13  [2.70£0.14 13.80£0.69 (14902075 {0.19x0.01 |0 18£0.01
N2+ Azor0. 290015 |3.00x0.15 1570£0.79 |17 80£0.89 |0.182001 |0 17+0.01
Microl+ zoro, {2.00£0.10  [2.10£0.11 11.90:0.60 |12.30£0.62 (0172001 |0 1720.01
Micro2+.dzot0. |2.40£0 12 [2.50£0.13  [12.90£065 [1400£070 0192001  |0.1820.01

LSD (5%) 0.14 0.15 0.75 0.83 001 0.01

N: Ammonium sulfate (150kg/fed). No: Ammonium sulfate (300kg/fed).
Micro;: (Zn, Mn, Fe, Cu) at 1%. Micros: (Zn, Mn, Fe, Cu) at 2%. .{zofo.: Azolobacter
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TABLE (7). Effeet of treatments on soluble sugar (SS), total
carbohydrate (TC) and SS/TC ratio in Nigella sativa in
both seasons (2000 and 2000).

Soluble sugar (%) Total carbohydrate (%) SSTC i
Treatments

2000 2001 2000 2001 2000 2001
Control 1.80=0.09 [1.90=0.10 [920=046 |10.60=0.53 [0.202001  [0.182001
N1 240012 2.5020.13 12902065 |13.30=0.67 [0.19=0.01 0.1920.0!
N2 2.60=0.13 280014 14.9020.75 [16.80=0.84 [0.17=0.01 0.1720.01
Micro 1% 2.00=0.10 2.10=0.11 1020051 |12.60=0.63 [0.20=0.01 0.17=001
Micro 2% 2.10=0.11 2.2020,11 11.4020.57  [13.50=0.68 |0.18=0.01 0162001
Sizm. 230012 [2.50=0.13 1210=0.61  {12.90=065 [0.19=0.01  |0.1920.01 }

NI +Sizm  |2.60=0.13 2.70=0.14 13.80=0.69 |14.90=075 ]0.19=0.0] 0.18=00]
N2+Sizm  |2.90=0.15 3.00=0.15 15.70=0.79  {17.80=0.39 |0.18=0.01 0.1720.01

Microl+Sizm [2.00:0.10  |2.1020.1] 1190060 |12.30=0.62 [0.17=0.01  |0.17=0.0]
Micro2+Sizm |2.40+0.12 2.50=0.13 12.90=0.65 |[14.00=070 [0 19=001 0.18=0.01
LSD (5%) 0.14 0.15 0.75 0.3 0.0} 001

Ny: Ammonium sulfate (150kg/fed). Na: Ammomum sulfate (300kg/fed)
Microy: (Zn, Mn, Fe, Cu) at 1%. Micros: (Zn, Mn. Fe, Cu) at 2%.
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