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Effects of Nitrogen Levels, Nitrogen Sources and Zinc Rates
on the Growth and Mineral Composition of Lowland Rice

Y. Hosseiny'* and M. Maftoun®

ABSTRACT

Nitrogen use efficiency (NUE) is usually lower in paddy rice (Oryza sativa L.) than in
upland crops. For this reason, any attempt to improve NUE through the use of different
nitrogen (N) carriers, different rice cultivars, properly timed N application, the use of ni-
trification and urease inhibitorsis of prime interest. Moreover, zinc (Zn) next to N seems
to be the most important soil factor affecting rice growth. Although the response of rice N
and Zn fertilization has been reported elsewhere, the authors are not aware of any such
information for the calcareous paddy rice soils of Iran. Therefore, the present experiment
was conducted to study the effects of varying sources and levels of N and Zn rate on the
growth and N and Zn concentrations and uptake by rice. Treatments consisted of five N
levels (0, 50, 100, 200, and 400 mg N kg'lsoil), four N sources [urea (U), sulfur—coated urea
(SCU), ammonium sulfate (AS), and ammonium chloride (AC)] and three Zn rates (0, 5,
and 10 mg Zn kg soil as zinc sulfate). The experiment was factorially arranged in a com-
pletely randomized design with three replicates. The results showed that the highest top
dry weight was obtained with SCU, and followed by AS, AC and U. Application of N up to
200 mg kg’ as U, AS, and AC increased rice growth significantly. However, there was a
consistent significant increase in shoot growth with the addition of SCU. In the present
study, Zn fertilization had no significant effect on rice growth. The uptake and concentra-
tion of N and Zn were increased by application of N and Zn. However, the highest Zn
concentration and uptake were obtained with AC and SCU, respectively. Nitrogen and Zn
addition generally increased leaf area and the maximum leaf area was obtained with
SCU. Nitrogen yield efficiency (NYE) was reduced with increasing N rates (as U, AS, and
AC) and increased up to 200 mg N kg™ as SCU. Apparent N recovery (ANR) increased
with increasing N up to 200 mg kg’ as U, AS, and AC and declined thereafter. However,
there was an increase in ANR with an increasing N level as SCU. On the other hand, N
physiological efficiency (NPE) decreased with increasing N rates regardless of N sources.
From the results reported here, it appears that 200 mg N kg is the most appropriate N
level and SCU appears to be the most efficient N source for lowland rice.
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INTRODUCTION

Nitrogen is an influential factor in rice pro-
duction and its immense role in increasing rice
productivity is well documented [16]. Never-
theless, nitrogen use efficiency (NUE) is gen-
erally low in paddy rice due to various causes
of N-loss such as runoff, ammonia volatiliza-
tion, leaching, and denitrification [29, 31].

Therefore, to ensure a continuous and optimal
supply of N and to have higher fertilizer-use
efficiency, there is an urgent need to decrease
N losses [13]. The main key to both improving
NUE and reducing negative N impact on envi-
ronmental quality is synchronization of the N
supply from soil with plant N demand [36].
One possible approach is the use of slow—
release N fertilizer such as sulfur—coated urea
[36].
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Zinc has a crucial role to play in various as-
pects of plant physiology, including cell mem-
brane integrity, gene expression, carbohydrates
photosynthetic metabolisms, detoxification of
reactive oxygen species, phytohormone activ-
ity and the proper functioning of a number of
enzymes [5, 22, 37]. Therefore, the lack of
sufficient Zn may cause severe yield reduction
[26]. It has been reported that the deficiency of
Zn is aggravated by excess Ca, Mg, Cu, Fe,
Mn and P and prolonged submergence would
depress Zn availability and uptake (10, 26).
Zinc deficiency has also been observed with
high bicarbonate content, Mg/Ca ratio>1 in
soil, N rates and sources [8, 10, 26, 28, 33].

Although the effect of N and Zn on rice
growth has been evaluated elsewhere, there is
little if any information available regarding the
response of this crop to N and Zn fertilization
in the highly calcareous soils of Iran. There-
fore, the present study was undertaken to de-
termine the effects of sources and levels of N
and Zn rates on rice growth, and Zn and N
concentration and uptake by rice.

MATERIALS AND METHODS

A greenhouse experiment was designed to
evaluate the effect of N sources and levels and
the rates of Zn on the growth and nutrient
status (N and Zn) of rice in a calcareous soil
(Fine, carbonatic, hyperthermic, Typic Usto-
chrepts). The soil sample from the surface ho-
rizon (0-30 cm) was collected from a paddy
field in Noor Abad in Fars Province, Iran. The
soil sample was air-dried, ground, sieved and
analyzed for pH (saturated paste), electrical
conductivity, organic matter, cation exchange
capacity and calcium carbonate equivalent
following the procedures outlined by Maftoun
et al. [20] and clay, silt and sand content ac-
cording to the method of Bouyuocos [3]. The
available P was determined by the NaHCO;
extraction method [27]. Also, the soil was ana-
lyzed for DTPA-extractable Zn, Fe, Mn and
Cu [19]. The physical and chemical properties
of the soil are given in Table 1.

The experiment was carried out in a factorial
completely randomized design with three rep-
licates. The treatments consisted of five N lev-
els (0, 50, 100, 200, and 400 mg kg'1 soil), four
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Table 1. Some physical and chemical
properties of the soil.

pH (Saturated paste) 7.30
EC, (dS m™) 1.05
Clay (gkg™) 340
Silt (g kg™ 410
N (%) 0.145
CCE (gkg™) 530
CEC (c mol c kg™ 27.4
NaHCOs-P (mg kg™) 15.5
DTPA-extractable (mg kg™)

-Zn 0.67
-Fe 3.22
- Mn 4.3
-Cu 1.7

N sources urea (U), [sulfur—coated urea
(SCU), ammonium sulfate (AS), and ammo-
nium chloride (AC)] and three Zn rates (0, 5,
and 10 mg kg soil as zinc sulfate). All pots
received a uniform application of 25 mg P kg’
" as KH,PO,, 5 mg Fe kg as FeEDDHA, 2.5
mg Mn kg as MnO,.4H,0 and 2.5 mg Cu kg
~'as CuSO,. The nutrient elements were added
as a separate aqueous solution to 2 kg soil in a
plastic bag several days before planting. At the
time of planting, the soil in each bag was thor-
oughly mixed and transferred to plastic pots.
Ten rice seeds (var. Ghasro-dashti) were
planted in each pot. The pots were irrigated
with distilled water to bring the soil moisture
to near field capacity. The plants were thinned
to four uniform stands per pot during the third
week. The soil was then kept under constant
submergence throughout the growing period
of the rice using distilled water.

At the end of the eighth week, leaf area was
measured using a ruler [2] and then the aerial
part of the plants were cut, rinsed with distilled
water, dried at 65°C for 48 hours and weighed.
The plant tissues were ground to pass through
a 40-mesh screen and dry-ashed at 500°C.
The ash was then dissolved in 2 M HCl and Zn
was determined by an atomic absorption spec-
trophotometer. Total N was measured accord-
ing to Bremner [4]. Nitrogen yield efficiency
(NYE), apparent N recovery (NAR) and N
physiological efficiency (NPE) were calcu-
lated as follows:
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NYE Top dry matter fromtreated plot (gpot 1 ) = Top dry matter from control plot (g pm” )

Amountof N applied(g pot~ ! )

Uptakeof N from treated plot(g pot™" )~ uptakeof N fromcontrol plot(g por™" ),

ANR% = 100

Amountof N applied(g pot ! )

. To0 drymatterfrom reatedplor (¢ pot 1 )=Top drymatter from controlplot(gpor ™ )

Uptake of N fromireatedplot (gpot~" )—Uptake of N from controlplot (gpoi™ " )

Data were analyzed statistically using
MSTATC and EXCEL software programs.

RESULTS AND DISCUSSION

Analysis of variance indicated that some of
plant responses were affected by the main ef-
fects of fertilizer treatments and their interac-
tions (Table 2).

The rice top dry matter was affected by N
levels and sources, but Zn application did not
affect it (Table 2).

Application of 200 mg N kg as urea, am-
monium sulfate and ammonium chloride in-
creased rice growth significantly; no response
was observed with higher N rates as urea
and/or ammonium sulfate while it decreased
with ammonium chloride. However, the addi-
tion of N up to 400 mg kg as SCU signifi-
cantly increased the top dry weight of rice
(Table 3). The highest top dry weight was ob-
tained with SCU, being followed by ammo-
nium sulfate, ammonium chloride and urea
(Figure 1). This finding is in agreement with
those of other researchers [11, 12, 13, 15, 18].

The higher top dry weight obtained with

SCU is probably due to slow N release from
this fertilizer, that supplies enough N in a pat-
tern to satisfy the rice N requirement based on
its physiological stages [13]. Furthermore, the
sulfur in SCU and its vital role in rice nutrition
can be ignored; the higher top dry weight was
obtained from ammonium sulfate, compared
to other sources. It has been reported [22] that
nitrogen losses from urea are extensive and
much greater than ammonium sulfate which
might have led to higher yield with ammo-
nium sulfate compared to urea.

Zinc fertilization had no significant effect on
rice top dry weight, indicating that indigenous
soil Zn was probably sufficient (Tables 2 and
3). Different soil Zn critical levels have been
reported for rice, ranging from 0.3 mg kg’
[20], 0.4 mg kg [7], 0.6 mg kg’ [35] to 0.78
mg kg™ [30].

Application of 400 mg N kg as ammonium
chloride in combination with Zn decreased
rice growth (Table 3), caused by the effect of
high chloride ion concentration [9].

Nitrogen sources had no significant effect on
N uptake and concentration, although, they
were affected by N and Zn levels (Table 2).
Applied Zn significantly increased N uptake
and concentration in the aerial part of rice (Ta-
ble 4; data related to nitrogen concentration
not presented) with urea and ammonium sul-
fate. Salam and Subramanian [32] reported
that Zn application increased N concentration
and uptake by increasing root development
and N use efficiency. Nitrogen uptake and

Table 2. Analysis of variance summary for some plant responses.

Source of varia-

df Top dry matter N Conc.

N Uptake Zn Conc. Zn Uptake Leaf area

tion
N sources (Ng) 3 ok ns ns *k ok ok
N levels (Ny) 4 ok sk Kk ok *k ek
NgxNp 12 Hk ns * $ok sk sk
Zn levels (Zny) 2 ns . Bi -
ns * # ns ns *

NsxZng, o . w ns

8 ns ns
NpxZng, 24 * ns ok ns * ok
NLXNSXZHL 120

Error

* and **: Significant at the 0.05 and 0.01 levels, respectively.

ns: non significant.
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Figure 1. Effect of N-sources on above-ground dry matter weight of rice.

The columns received same letters are not significantly different accoding to Dun-
cans test (P<0.05)

concentration were not increased by the appli-
cation of lower N rates (Table 4; data related
to nitrogen concentration not presented).
Nitrogen sources and levels and Zn rates af-
fected Zn uptake and concentration (Table 2).
Application of 400 mg N kg increased Zn
uptake and concentration compared to 50 and
100 mg N kg' and control treatments re-
gardless of N sources (Table 5; data related to

700 ~

600 ~

400 +
300 +

200 +

Zinc uptake (ng pot )

100 +

zinc concentration has not been presented).
This could be explained by the fact that root
growth and absorption capacity were increased
when 400 mg N kg was applied. Mehdi and
Dedatta [23] and Salam and Subramanian [32]
reported similar results.

Kirk and Bajita [14] also reported the impor-
tance of root-induced changes in the plant’s Zn
uptake. It seems that Zn is solubized by a root-

U = Urea

SCU = sulfur Coated Urea
AS= Ammonium Sulfate
AC = Ammonium Chloride

B

4] SCU

N-Sources

AS

AC

Figure 2. Effect of N-sources on zinc uptake by rice to dry matter.
The columns received same letters are not significantly different accoding
to Duncans test (P<0.05)
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Table 3. Effect of N sources and levels and Zn rates on rice top dry weight (g pot™).

N levels Zn rates (mg kg™ Mean
(mg kg 0 5 10
U
0 3.04° 3.6d 3.6d 34d
50 8.7¢ 79c 75¢c 80c
100 11.1 be 109b 11.8b 1120
200 12.6 ab 149 a 142a 139a
400 140 a 13.1ab 122a 13.8a
Mean 99A“ 10.1A 103 A
SCU
0 40e 38e 4.7d 42¢
50 7.8d 7.0d 8.0c 7.6d
100 11.3¢ 12.1¢ 11.0b 115¢
200 183 Db 179b 204 a 189b
400 248 a 223a 213a 228 a
Mean 133 A 12.6 A 13.1 A
AS
0 3.7d 40e 3.8d 3.8d
50 79c 6.5d 8.6¢ 7.6c¢
100 10.5b 113¢ 126b 1140
200 155a 14.8b 16.7 a 157 a
400 16.1a 182a 135a 159a
Mean 10.7 A 11.0A 11.0A
AC
0 3.2d 38¢c 44d 3.7d
50 6.5¢c 86 b 74c 75¢
100 11.6b 124 a 115b 11.8b
200 155a 14.1a 155a 150a
400 133b 125a 11.6b 126 b
Mean 100 A 103 A 10.1 A

JAST

“ Means followed by the same small letter (in each column) or the same capital letter (in each row)

is not significantly different according to Duncan’s test (P < 0.05) for each N source.

induced acidification resulting from an excess
of cations (especially NH,") over anions and
the concomitant release of H' from the roots
[26]. On the other hands, Silber et al. [33] re-
ported that Zn was the only micronutrient that
is significantly correlated with pH of the
rhizosphere. They showed a decrease in rhizo-
phere pH with an increase in NH;"/NOs". Zinc
uptake was greatest with SCU and followed by
AC, AS and U (Figure 2).

Similar results have been reported by Kiran
and Patra [13].

by the crop resulting in maximum shoot dry
weight and Zn uptake (Figures 1 and 2).

The higher Zn uptake associated with SCU
is probably due to the better utilization of N

The interaction between N and Zn rates on
the uptake and concentration of N and Zn ap-
pears to be synergetic; that is, soil application
of N in combination with Zn increased con-
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centration and uptake of these two nutrients.
These findings are in agreement with those
obtained by Salam and Subramanian [32].

Nitrogen and Zn addition generally increased
rice leaf area, while the maximum leaf area
was obtained with SCU. Kushwaha et al. [17]
believe that lower N volatilization and denitri-
fication from SCU is responsible for a higher
leaf area in rice treated with this fertilizer.
However, the application of 400 mg N kg™ as
AC significantly reduced leaf area (Table 6).
The relatively high CI' ion concentration in
soil solution was probably responsible for such
leaf area suppression. Some research workers
[1, 9, 24, 25, 32] have reported the depressing
effect of CI on leaf cell development when N
was applied as AC.

The data in Table 9 indicate that nitrogen
yield efficiency (NYE) reduced with increas-
ing N rates as U, AS and AC. However, the
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Table 4. Effects of N sources and levels and rates of Zn on N uptake by the rice top (mg pot™).

N levels (mg kg™

Zn rates (mg kg'")

0 5 10 Mean
U
0 26.2b ¢ 41.0b 589¢c 42.0d
50 829b 79.8 b 92.6 ¢ 85.1d
100 121.9b 162.4b 178.1bc 154.4 ¢
200 138.5b 3782 a 263.6 ab 260.1b
400 349.0 a 363.7 a 384.4 a 356.7 a
Mean 143.7 B 205.0 A 1955 A
SCU
0 55.7¢c 472 ¢ 64.6 ¢ 55.8d
50 85.6 ¢ 722 ¢ 78.7 ¢ 78.8 c¢d
100 121.8 ¢ 138.5 be 136.4 ¢ 132.2 ¢
200 250.7b 2342 b 260.8 b 248.4b
400 5925a 483.1a 4433 a 506.3 a
Mean 2212 A 195.01 A 196.6 A
AS
0 385 b 454b 41.1c¢c 41.1¢
50 954 b 854D 128.1¢ 103.0 be
100 140.1b 144.5b 213.8 be 166.1b
200 114.4 ab 194.0b 581.4b 319.9a
400 231.0 a 465.1 a 3142 a 3704 a
Mean 1579 B 187.07B 2559 A
AC
0 304 b 293¢ 554c¢ 38.4d
50 46.8b 73.5¢ 68.1c¢c 63.8d
100 1344 b 148.8 ¢ 141.8 be 1416 ¢
200 2737 a 2939b 209.9 ab 259.2b
400 323.8a 4324 a 333.6a 360.3 a
Mean 162.4 A 193.8 A 161.7 A

“ Means followed by the same small letter (in each column) or the same capital letter (in each row) is not
significantly different according to Duncan’s test (P<0.05) for each N source.

addition of N up to 200 mg kg™ as SCU was
associated with an increase in nitrogen yield
efficiency (NYE); a higher N level declined
this growth parameter. Apparent N recovery
followed a similar trend as the top dry weight
(Table 7).

Apparent N recovery increased with increasing
N up to 200 mg kg™ as U, AS and AC and
was suppressed with further addition. How-
ever, there was an increase in ANR with in-
creasing N levels as SCU. This rising trend of
ANR with SCU was attributed to adequate N
supply throughout the rice growing resulting in
higher N uptake under SCU than under any
other N sources [36]. Lower apparent N re-
covery with SCU compared to other sources
especially at lower N levels was probably due
to the reduced N release from this N source.
These results are in agreement with those re-
ported by Singh and Singh [34] and Yadav and
Verma [38]. Nitrogen physiological efficiency
decreased with increasing N rates regardless of
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the sources of N. Chaka et al. [6] have re-
ported similar results.

CONCLUSIONS

From the results presented in this study, it can
be concluded that under these growing condi-
tions, 200 mg N kg-1 is the most appropriate N
level for rice. Furthermore, It appears that SCU
is the best N carrier for lowland rice being fol-
lowed by AS, AC, and U. Sulfur-coated urea
can supply N by synchronizing the plant N de-
mand and, thus, could potentially increase NUE
and consequently rice growth. Nitrogen en-
hanced Zn uptake by rice regardless of the N
source. The highest ANR and NYE were ob-
tained with AS and SCU, respectively. It is
strongly recommended that more research
needs to be conducted under field conditions
with more N sources, levels and diverse rice
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Table 5. Effects of N sources and levels and Zn rates on Zn uptake by the rice top (ug pot™).

Zn levels N rates (mg kg’ 1) Mean
(mg kg™ 0 50 100 200 400
U
0 107 a® 265.5b 159b 333b 457b 304b
5 121a 315 ab 438 a 641 a 531a 409 b
10 139a 369 a 504 a 687 a 997 a 539a
Mean 122 E 316.5D 434 C 554A 662 A
SCU
0 102 a 217 a 217 a 678 b 663 b 395¢
5 200 a 297 a 515a 852b 1222 a 599b
10 168 a 306 a 504 a 1312 a 1468 a 752 a
Mean 127D 273D 4455 C 974 B 11175 A
AS
0 138 a 2410 318b 502b 458 b 331c¢c
5 173 a 269 ab 440 b 754 a 951a 5175b
10 179 a 394 a 593 a 851a 897 a 583 a
Mean 163 D 301 C 450 B 702 A 769 A
AC
0 86a 178 a 354a 532b 639.5b 358b
5 140 a 318 a 468 a 694 b 951a 514 a
10 191a 345a 603 a 998 a 949 a 617 a
Mean 139D 280 C 475B 741 A 847 A

“ Means followed by the same small letter (in each column) or the same capital letter (in each row) is not

significantly different according to Duncan’s test (P<0.05) for each N source.

Table 6. Effects of N sources and levels and Zn rates on rice leaf area (cm® pot'l).

Zn levels N rates (mg kg™ Mean
(mg kg™ 0 50 100 200 400
U
0 92a“ 229b 364 a 544.5b 611.5¢ 368 ¢
5 1145a 241 ab 371a 607 a 661.5b 399b
10 123 a 365a 365a 692 a 730 a 436 a
Mean 200 E 247D 367 C 614 B 668 A
SCU
0 97b 164 b 346 a 625 a 9215b 436 a
5 128 b 238 a 326a 599b 956.5 a 449 a
10 193 a 158 b 346 a 569 b 800 ¢ 413b
Mean 1395E 187D 340 C 607 B 893 A
AS
0 171 a 182D 218b 4250 510¢ 310¢
5 172 a 131b 297 a 479 ab 578 b 331b
10 141 a 255a 293 a 513 a 755a 391a
Mean 161D 189.5D 269 C 472 B 614 A
AC
0 45¢ 203.5b 335¢ 481 c 3445 a 282 ¢
5 129b 266 a 409 a 565b 349 a 344 a
10 183 a 259 a 368 b 584 a 267b 322b
Mean 191E 243D 370.5C 5435 A 320B

¢ Means followed by the same small letter (in each column) or the same capital letter (in each row) is not
significantly different according to Duncan’s test (P < 0.05) for each N source.
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Table 7. Effects of N sources and levels on N use efficiency.

N levels Zn rates (mg kg'' soil)
(mg kg™ soil) ANR (%) NYE NPE
U
50 43.0 46.0 107.5
100 56.0 39.0 70.0
200 54.5 35.0 48.0
400 40.5 17.0 32.0
SCU
50 23.0 35.0 150.0
100 37.0 38.0 96.0
200 48.0 37.0 76.0
400 56.0 23.0 41.0
AS

50 61.0 38.0 62.0

100 62.0 38.0 61.0

200 69.5 30.0 43.0

400 41.0 15.0 37.0

AC

50 25.0 38.0 49.5

100 52.0 40.5 78.0

200 55.0 28.0 51.0

400 40.0 11.0 27.5

varieties in order to make an appropriate N rec-
ommendation for this crop.

REFERENCES

1. Akaria, T. and Garica C. V. 1964. Studies on
the Relationship between Tillering and Nitro-
gen Uptake of Rice Plant. Soil Sci. Plant Nutr.,
11: 129-134.

2. Bhan, V. M. and Pande, H. K. 1966. Meas-
urement of Leaf Area of Rice. Agron. J., 58:
454.

3. Bouyuocos, C. J. 1962. Hydrometer Method
Improved for Making Particle—size Analysis of
Soils. Agron. J., 54: 464-465.

4. Bremner, J. M. 1965. Total Nitrogen. In:
"Methods of Soil Analysis", Part 2; Black, C. A.
(Ed.) American Society of Agronomy: Madi-
son, WI. PP.1149-1176.

5. Cakmak, 1. 2000. Possible Roles of Zinc in
Protecting Plant Cells from Damage by Reac-
tive Oxygen Species. New Phytol., 146: 185-
205.

6. Chaka, S. P., Chalarom, A. B. and Mohanty, S.
K. 1989. Comparative Efficiency of Prilled
Urea and Urea Supergranules for Wetland
Rice. J. Indian. Soc. Soil Sci., 73: 177-179.

7. Darajeh, Z., Karimian, N., Maftoun, M., Ab-

314

10.

11.

12.

13.

tahi, A., and Razmi, K. 1991. Correlation of
Five Extractants with Plant Responses on
Highly Calcareous Soils of Doorod-Zan Dam
Area, Iran. Iran Agric. Res., 10: 29-45.
Deuarazan, R. and Ramanthan, G. 1995. Di-
rect, Residual and Cumulative Effect of Ap-
plied Zn for Rice in Red Soil. Madras Agric.
J., 82:90-92. .

Dev, S., and Shukula, V. C. 1980. Nitrogen-
zinc Content in Maize as Affected by Their
Different Sources. J. Indian Soc. Soil Sci., 28:
336-341.

Gupta, V. K. and Patalia, B. S. 1993. Nutrition
of Maize as Influenced by Zinc and Nitrogen
Carriers. J. Indian Soc. Soil Sci., 41: 190-191.
Joseph, K., Tomy, P. J. and Nair, M. K. 1991.
Effects of Sources and Levels of Nitrogen on
the Growth, Yield and Nitrogen use Efficiency
of Wetland Rice. Indian. J. Agron., 36: 40-43.
Kamekawa, K., Nagari, T., Sekiya, S. and Yo-
neyama, T. 1990. Nitrogen Uptake by Paddy
Rice (Oryza sativa L.) from N-15 Labelled
Coated Urea and (NH4),SO,. Soil Sci. Plant
Nutr., 36: 333-336.

Kiran, U. and Patra, D. D. 2002. Augmenting
Yield and Urea-nitrogen Ultilization Efficiency
in Wheat through Use of Natural Essential Oils
and Dicyandiamide Coated Urea in Light—
textured Soils of Central Uttar Pradesh.



Effects of Nitrogen Levels and Zinc Rates and Lowland Rice

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Commun. Soil Sci. and Plant Anal., 33: 1375-
1388.

Kirk, G. J. C. and Bajita, J. B. 1995. Root—
induced Iron Oxidation, pH Changes and Zinc
Solubilization in the Rhizosphere of Lowland
Rice. New phytol., 131: 129-137.

Krasaesindha, P. and Simes, J. L. 1972. Re-
sponse of Rice to Nitrogen and Calcium Nutri-
tion. Soil Sci. Soc. Amer. Proc., 36: 457-461.
Kropff, M. J., Cassman, K. G., Van Laor, M.
H. and Peng, S. 1993. Nitrogen and Yield Po-
tential of Irrigated Rice. Plant Soil, 155: 391-
394.

Kushwaha, H. S., Mishra, M. K. and Tomar, R.
A. S. 1992. Response of Rice to N, P, K and
Zn on Farmer’s Field. Agric. Soc. Digest
(Karanal), 21: 4-6.

Lal, P., Goutam, K. C.,, Bisht, S. S. and
Pandey, P. C. 1988. Agronomic and Economic
Evaluation of Urea Supergranule and Sulphur-
coated Urea in Transplanted Rice. Indian J.
Agron., 33: 188-190.

Lindsay, W. L. and Norvell, W. A. 1987. De-
velopment of a DTPA Test for Zinc, Iron,
Manganese and Copper. Soil Sci. Soc. Am. J.,
42: 421-428.

Maftoun, M., Haghighat Nia, H., Karimian, N.
and Ronaghi, A. M. 2003. Evaluation of
Chemical Extractants for Predicating Lowland
Rice Response to Zinc in Highly Calcareous
Soils. Commun. Soil Sci. Plant Anal., 34: 1269-
1280.

Manna, A. B. and Singh, P. K. 1988. Effect of
Different Nitrogen Sources on Growth, Acety-
lene Reduction Activity of Azolla pinnata and
Yield of Rice. Plant Soil, 107: 165-171.
Marschner, H. 1995. Mineral Nutrition of
Higher Plants. 2™ Edition. Academic Press.
San Diego, CA.

Mehdi, B. D. and Dedatta, S. K. 1997. Influ-
ence of Green Manuring with Sesbnia rastrata
and Aeschynomene afraspea or Urea on Dy-
namic and Uptake of Nutrients by Wetland
Rice. Biol. Fertility Soils, 24: 221-226.

Meiri, A., Kambarov, J. and Pedkakoff, M.
1971. The Response of Bean Plants to Sodium
Chloride and Sodium Sulfate Salinizaton. Ann.
Bot., 35: 837-843.

Moor, P. A. and Patrick, W. H. Jr. 1989. Effect
of Zinc Deficiency on Alcohol Dehydrogenase
Activity and Nutrient Uptake in Rice. Agron.
J., 80: 882-885.

Neue, H. U., Quijano, C., Senadhira, D. and
Sette, T. 1998. Strategies for Dealing with Mi-

315

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

JAST

cronutrient Disorders and Salinity in Lowland
Rice Systems. Field Crops Res., 56: 139-155.
Olsen, S. R., Cole, C. V., Watanabe, F. S. and
Dean, L. A. 1954. Estimation of Available
Phosphorus in Soil by Extraction with Sodium
Bicarbonate; U. S. Government Printing Of-
fice: Washington, DC, USDA Circ. 939.
Ozanne, P. G. 1995. The Effect of Nitrogen on
Zinc Deficiency in Subterranean Clover. Aust.
J. Biol. Sci., 8: 47-55.

Prasad, R. 1998 a. Fertilizer Urea, Food Secu-
rity, Health and Environment. Curr. Sci., 75:
677-683.

Sakal, R., Singh, B. P. and Singh, A.P. 1982.
Determination of Critical Limit of Zinc in Soil
and Plant for Predicting Response of Rice to
Zinc Application in Calcareous Soil. Plant
Soil, 66: 129-132.

Prasad, R., Singh, S., Saxena, V. S. and
Devkumar, C. 1999. Coating of Prilled Urea
with Neem (Azadirachta indicia Juss) Oil for
Efficient Nitrogen Use in Rice. Naturwissen-
schaften, 86: 538-539.

Salam, A. M. and Subramanian, S. 1988. Influ-
ence of Zinc, Nitrogen and their Interaction on
the Yield and Nutrient Uptake of “IR20” Rice
(Oryza sativa L.) in Different Seasons. Indian.
J. Agric. Sci., 58: 190-193.

Silber, A., Ben Yones, L. and Dori, 1. 2004.
Rhizosphere pH as a Result of Nitrogen Levels
and NH/NO; Ratio and its Effect on Zinc
Availability and on Growth of Rice Flower
(Ozothiamus  diosmifolius). Plant Soil, 262:
205-213.

Singh, M. and Singh, T. A. 1989. Comparison
of Neem (Azadirachta indica) Oil Coated Urea
with Some Other Coated Urea Fertilizer on an
Alkaline Calcareous Soil. J. Indian Soc. Soil
Sci., 37: 314-318.

Subrahamanian, A. V. and Mehra, B. V. 1974.
Effect of Zn and Fe Application on the Yield
and Chemical Composition of Rice. Indian. J.
Agric., 44: 602-607.

Tuong, T. P., Castillo, E. G., Cabangon, R. C.,
Boling, A. and Singh, U. 2002. The Drought
Response of Lowland Rice to Crop Establish-
ment Practices and N—fertilizer Sources. Field
Crops Res., 74: 243-257.

Welch, R. M. 1995. Micronutrient Nutrition of
Plants. Crit. Rev. Plant Sci., 14: 49-82.

Yadav, D. S. and Verma, L. P. 1985. Effi-
ciency of Slow Released Nitrogenous Fertilizer
for Rice and Their Residual Effect on wheat.
Indian. J. Agron., 30: 46-49.



Hosseiny and Maftoun

Ty S0 S § 9 D) 89 Ol § 0395w ok 9 quiw ST

OGhR0 L § (> (S

ol

k4

O35 b Sl 0T fus oy 9125 5 1ot ol 2087 OS5l 31 o0 53 Y gams 0955 525 3bind Oloutl

5 25 Lol slsil 5 )1055,55 Slas S et e i1 £B1 059 5 ke wlie Sl eslizl |
(S50 M pate a5l i 055,55 31 ey S0 w0 003 I 059 75 el Okl 5T o))
JHB Lol Lal el s L5 Ol 53 it iy 2 053555 56 dor S48 o 35ukoman 5 i A
AL 03 5 5m s Ol SSAT LSl 53 (535 5 055,55 5,08 4ol cpl ey L ey 55 (oS o s
(535 3 033,75 oo 5 ClE by (555 Ol 3 055 st 5 e ST adllae 1y IS 30T oS5
(S p 8l 53,8 haFre 5 Yor hee v ) 0325 o gty Jol ajlag 28 S ol i 3
Ve 506 ) Ol a5 (o poT b IS 555 50T il 63 88 2k boshconsh) 05 5 e Dleer
T 8 s 5 S s aleT lin g () Sl Sy 4 ST 0 SIS 5 655 0 8 e
iU sessl U gl il oSa 003 o iy 475 0L s ok planil I S 4 by b3k SalS”
U5 0355 3,208 213 35 050 3 el o JS cp 50T A gor 2 OT 31 o 487 T Sy (65 58
b Sl ine il 3l o 0T IS5 g gaT A g )5l oy g 4 ST 0 S ST 535 8 e Yo
L olsisim sk a 6388 tinboysl Sppoap SAS 5308 ha¥rr b050 25,08 bl ol i
Dl B g ol gm ) ST O3 sy Sl e S (0535 ol e gls ol eSis 05 I
J5 o s bl o pis Jl b ST 31055 26 5 655008 b ss) 5 Os e Shle 5 IS
s (5555 05 ASKen el s (63 8758 b boysl s el LIS LS 5 s
sprelen &5 o IBIL S 4 6y 5 0555 03,5 SO S ) sboar 3y St (65 5 059 5 i
0 03, AL 055,55 3 e Oleilylel sy 6388 2bg Loyl ol jon &5 el s STl
U oMb pae 01 03 SN S0 ol 93 00 51y (28 55 50T oy IS 5 055 50T M 551 05 500
i 3,0l s g ol en bl ool L 63 88 i boysl Sy 4 p S S 53 p 8 e Yo
ST 0 S olS 130555 0.5 o Yoo 505575 a3l ol okl o sSan i ST 3 035 55
PRS0, iy 03 S LS 55,571y (13l p 53 saT ST 5 5 gaT Sl i8] Sy 30
b lds s 6358 by basl o 05955 SRR L O35 55 6 AL L3 s AL 3L
35 Iy 2alS 05,55 e o  Dael 9 050,55 b U1 050,38 (S35 58 Ol ¢ S0
039, wlie e e S 53 88 b boysl s ST SIS 13055 0 8 e Vo 20

.-UJ}{

316



