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Abstract

Two field experiments were conducted at the Rice Research and
Training Center. Sakha, Kafr El-Sheikh, Egypt to study the effect of irri-
gation intervals and the application of farm yard manure alone or in com-
bination with nitrogen fertilizer on Giza 176 rice variety in 1995 and
1996. Irrigation intervals were 3, 6, 9 and 12 days. Urea N/ha rates
were zero, 55 and 110 kg and farm yard manure rates were 9.5, 19,
28.5 ton/ha. Dry matter yield, tillers/m2 and plant height were meas-
ured at four growth stages namely; mid tillering, maximum tillering, pani-
cle initiation and maturity. Irrigation water used was measured with a cal-
ibrated water meter.

Resuits showed that, growth measurments were significantly re-
duced due to the increase of irrigation intervals up to 12 days. Rice was
most sensitive to water deficit during the stages of maximum tillering
and panicle initiation than at mid tillering or maturity. Grain yield did not
significantly differ when rice was irrigated every 3 or 6 days. However,
yield decreased by less than 5% with irrigation every 6 days but about
17% of water consumption was saved. Nitrogen uptake and content
were significantly reduced as irrigation interval increased over 3 days.
However, water use efficiency was greatest with irrigation every 6 days.
The use of chemical nitrogen fertilizer eith alone or combined with farm
yard manure was superior to the use of farm yard manure alone.

INTRODUCTION

Rice is a major cereal grain adapted to flood irrigation conditions. Continu-
ous flooding with 5-7.5cm of water depth is considered desirable for optimum
grain yield (DeDatta 1981 and Chandler, 1979). Some studies on rice irrigation
techniques such as continuous soil saturation or intermittent water application
indicated that substantial water savings ranging from 25 to 50% as compared to
continuous submergence are possible without rice yield loss (Subramanian et al,
1978, Sandhu et al, 1980 and Jha et al 1981).

On the other hand, other studies have indicated that water saving methods
result in rice yield reduction (Ali and Morachan, 1974 and Sharma and De,
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1976). Prolonged irrigation intervals decreased yield and its components, and in-
creased water saving (Prasad et al, 1994, Parihar et al, 1995 and Nour et al,
1996). Choudhary et al, 1991 reported that the highest grain yield for continuous
shallow submergence can be achieved with 7cm irrigation water applied 3 days after
the disappearance of pounded water resulted in a net saving of 24% of the water re-

quirement.

Fetilizer N is costly and causes Pollution and it could be desirable to be re-
placed partially by organic manure. crop. Hamissa. 1959 and Zedan, 1982 reported
that farm yard manure.alone or with chemical nitrogen increased yieldand total ni-
trogen uptake of rice. Meelu and Morris (1987) reported that application of farm
yard manure provide considerable direct and residual effects on crop yields and im-
prove soil fertility. A few long term experimets have shown that use of farm yard
manure or compost at 10-15 t/ha produce a moderate to high response, saves up to
40 kg N/ha and has a residual effect. Prakash et al (1989) Found that also that grain
yield of rice increased 0.52 and 0.72 t/ha by the application of 10 and 20 tons farm
yard manure/ha,respectively, while the highest yield was obtained from 20 t FYM
with 20 kg N/and a residual effect of FYM on the following crop. Scarcity of irriga-
'tion water steadily increasing fertilizers prices and environmental pollutaion from
excessive use of chemical require studies to rationalize the use of water and ferti-
lizer resources. The present study was conducted to investigate the possibility of
saving irrigation water and chemical nitrogen in rice production by means of pro-
longed irrigation intervals and use of farm yard manure (FYM), with or without N
fertilizer.

MATERIALS AND METHODS

Two field experiments were conducted at the Rice Research and Training Cen-
ter, Sakha, Kafr El-Sheikh, Egypt during 1995 and 1996 seasons. Four irrigation in-
tervals were applied, namely, irrigation every 3, 6, 9 and 12 days. Inorganic nitro-
gen and FYM were applied as follows: Control (No fertilizer), 55 kg N/ha., 110 kg
N/ha, 9.5 t/ha FYM, 19 t/ha FYM, 28.5 t/ha FYM and 55 kg N + 28.5 t FYM/ha.
split plot design with four replications was used. Irrigation intervals were allocated
to the main plots (8.0 x 21.0 m). [Main plots were surrounded by 2 m wide ditches
to prevent water seepage and leaching] and fertilizer treatments were assigned to
the sub plots (3.0 x 8 m). Soil samples were collected before plowing and chemically
analyzed according to the standard soil analysis methods (Black, 1982).
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FYM and 2/3 of the inorganic nitrogen were incorporated into the dry soil be-
fore flooding, while the balance of the inorganic nitrogen was applied 7 days before
panicle initiation. Phosphorous at the inorganic nitrogen was applied 7 days befor
panicle initiation. Phosphorous at the rate of 36 kg P205, and potassium at the rate
of 48 kg K20/ha were applied to all plots during soil preparation.

Thirty days old seedling of cv-Giza 176 were transplanted into the prepared
plots in 20 x 20 cm spacing. Recommended cultural practices for rice were applied.
A water pump with a calibrated meter was used for measuring the amount of water
delivered to each plot. Irrigation treatments were started 12 days after transplant-
ing (after seedling establishment). Water use efficiency (kgs grain/cubic meter of
water applied) was computed.

Plant samples consisting of 5 hills each were fandomly taken from each plot at
mid tillering, maximum tillering, panicle initiation and maturity stages. These sam-
ples were oven-dried at 700C for 72 hours then dry weight was recorded.

At harvest, a random sample of 10 panicles was collected from each plot, and
air dry grain yield of a 10 m2 was obtained by mechanicl threshing. Grain weight
was later adjusted to 14% moisture content. Grain and straw samples were collect-
ed, ground and chemically analyzed for N content to deterimne N uptake on dry
weight basis. Data were subjected to standard analysis of variance according to Go-
mez and Gomez, (1984).

Table 1. Chemical properties of the soil at the experimental sites and applied FYM.

Soil chemical 1995 1996. FYM
properties

pH 8.1 8.0 7.1

Ec ds/m 2.1 2.0 1.5

OM% 1.4 15 3.1

Available N (ppm) 29.0 36 59

Available P (ppm)i 17 18 36

Available K (ppm)ii 16 21 27

i Olsen Dean (1965) and ii Jackson (1958)
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RESULTS AND DISCUSSION
Rice Growth:

Dry matter production of rice at different growth stages was significantly af-
fected by the length of the irrigation interval and fertilizer treatment (Table 2). Re-
sults indicated that dry matter production was significantly reduced as irrigation in-
terval increased up to 12 days at all growth stages. The reduction in dry matter at
mid tillering stage 1.6, 26. 7and 45.5% when irrigaion intervals increased to 6.9
and 12 day,respectively in comparison to the 3-day inerval. Reduction was 10.4,
34.1 and 49.4% at maximum tillering, 10.3, 42.2, and 55.1% at panicle initiation,
and 3.7, 28.8 and 38.4% at harvest. These results indicated that cv. Giza 176 is
more sensitive to water deficit at maximum tillering and panicle initiation than at
either early (mid tillering) or late (maturity) growth stages.

Table 2. Dry matter (g) production at different growth stages of rice as affected by
different irrigation intervals (combined data of 1995 & 1996).

Treatments Growth stages
Mid Maximum Panicle Maturity

tillering tillering initiatng
Irrigation Intervals
3 Days 255 346 767 1806
6 days 251 310 688 1739
9 days 187 228 443 1286
12 days 139 175 344 1113
LSD 5% 71 99 216 132
Fertilizers
Cont. 138 178 369 1175
55 kg N/ha 230 321 613 1569
110 kg N/ha 292 382 815 1814
9.5 t FYM/ha 174 120 454 1255
19 t FYM/ha 187 221 467 1437
28.5 t FYM/ha 192 251 511 1470
t FYM + 55 kg N/ha | 244 291 698 1654
LSD 5% 69 91 130 161
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The highest dry matter yield was obtained when plants were fertilized by the
higher rates of inorganic nitrogen (110 kg N/ha) followed by the application of 55 kg
N/ha of inorganic nitrogen plus 28.5 t/ha FYM at all growth stages. These data indi-
cated that inorganic nitrogen is more effective for the short time as it was more
available to the plants than the organic nitrogen which requires time for decomposi-
tion and the release of mineral nitrogen. Apparently, FYM application might be more
beneficial to the succeeding crop than to the present crop. These findings are in
agreement with those reported by Zedan (1982), Kogano et al (1991), Mandal ef al
(1991) and Nour et al (1996).

Results showed that prolonging the irrigation interval caused a significant re-
duction in number of tillers per unit area. The reduction was more pronounced at
both maximum tillering and panicle initiation stage than at mid-tillering or at har-
vesting. This could be attributed to the fact that, at these two growth stages, plants
need carbohydrates and more energy for panicle initiate and water is needed for en-
ergy production and translocation. These results are in agreement with those re-
ported by Nour et al (1996).

Table 3. Number of tillers at different growth stages of rice as affected by irriga-
tion interval and fertilizer treatment (combined data of 1995 & 1996).

Growth stages
Treatments 5
Mid Maximum Panicle Maturity
tillering tillering initiatng
Irrigation Intervals
3 Days 482 576 536 419
6 days 474 537 480 399
9 days 461 520 418 366
12 days 429 395 370 340
LSD 5% NS NS NS NS
Fertilizers
Cont. 367 401 371 328
55 kg N/ha 506 536 482 409
110 kg N/ha 530 638 509 464
9.5 t FYM/ha 431 433 412 348
19 t FYM/ha 451 488 445 359
28.5 t FYM/ha 451 496 463 370
28.5 t FYM+55kg N/ha 457 558 447 389
LSD 5% 95 65 59 51
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Results indicated also that plant hight was significantly affected by prolonged
irrigation every 9 and 12 days, while it was less affected by increasing the interval
from 3 to 6 days. Plant height at mid tillering was reduced from 52 cm with contin-
uous flooding to 24 and 37 cm with irrigation every 9"and 12 days, respectively. A
similar trend was found at maximum tillering, panicle initiation and harvesting. Fer-
tilers application produced a similar trend as found dry matter production and num-
ber of tillers. Inorganic nitrogen at the rate of 110 kg N/ha gave the tallest plants
followed by 55 kg inorganic N plus 28.5 t FYM /ha. Furthermore, these results re-
veal that organic manure cannot be as immediate substitute for chemical fertilizers

but it could be applied as a supplement.

Table 4. Plant height (cm) at different growth stages as affected by irrigation inter-
val and fertilizer treatment (combined data of 1995 & 1996 seasons) .

Growth stages
Treatments - :
Mid Maximum Panicle Maturity
tillering tillering initiation

Irrigation Intervals

3 Days 52 67.9 81.2 96.7
6 days . 47.6 67.5 79.5 96.3
9 days 41.9 58.8 72.0 86.9
12 days 36.8 55.3 66.2 79.8
LSD 5% 5.3 7.80 8.4 5.1
Fertilizers

Control 38.7 55.0 66.3 85.7
55 kg N/ha 46.3 62.6 75.8 88.8
110 kg N/ha 49.4 68.4 80.8 94.6
9.5 t FYM/ha 41.8 59.8 72.9 89.2
19 t FYM/ha 43.3 61.3 74.0 89.1
28.5 t FYM/ha 45.4 63.1 74.7 92.9
28.5 t FYM+55kg N/ha 47.2 66.5 78.6 2.9
LSD 5% 3.8 2.8 3.1 2.5

Grain yield and its componehts :

Table 5 presents the results of grain yield as affected by the different treat-
ments. There was no significant difference in grain yield between continuous flooding
and irrigation every 6 days. But increasing irrigation interval to 9 or 12 days,
caused a significant reduction of 31 and 40% in grain yield, respectively. These re-
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sults revealed that yield reduction has to be expected if irrigation water need to be
saved which is in agreement with Nour et al (1996).

The application of either chemical nitrogen nitrogen or organic manure signifi-
cantly increased grain yield compared with control. The highest grain yield was ob-
tained when 55 kg N/ha plus 28.5 t/ha FYM/ha was applied followed by the applica-
tion of 110 kg N/ha. Application of 9.5 t/ha FYM gave yield almost comparable to
that obtained from the application of 55 kg N/ha. These data indicae that although the
application of FYM to rice did not show a significant effect on growth characters, it
had a significant effect on grain yield. This indicates some of the organic manure
was already decomposed and their nitrogen was mineralized and released to the

plants.

Table 5. Yield and yield components as affected by irrigation interval and fertilizers
treatment (combined data of 1995 & 1996 seasons).

Grain No Panicle [1000 grain| No of % of Panicle
Treatments X " . 3

yield |Panicles | weight | weight Filled |unfilled| length

(t/ha) | /m2 (9) (9) grains | grains| (cm)
Irrigation
3 Days 8.82 406 2.31 25.54 91.89 | 8.11 20.95
6 days 8.45 388 2.20 | 25.81 | 91.06 |8.94 20.77
9 days 6.08 332 2.10 | 24.14 92.20 | 7.86 20.18
12 days 5.26 325 2.00 | 24.08 92.09 | 7.91 19.18
LSD 5% 0.56 60 2.20 0.58 0.22 0.21 0.52
Fertilizers
Cont. 539 295 1.93 25.03 95.10 | 7.13 19.67

55 kg N/ha 6.82 375 2.09 | 24.89 [105.30 | 9.15 19.89
110 kg N/ha 8.35 413 2.25 24.50 [116.30 | 9.76 20.30
9.5 t FYM/ha | 6.48 330 2.06 | 24.97 (101.80 | 8.14 20.27
19 t FYM/ha 6.96 338 2.20 | 25.03 |107.20 | 7.94 20.44
28.5 t FYM/hd 7.44 393 2.24 | 25.02 |111.80 | 7.46 20.45
28.5 t FYM+ 8.62 394 2.30 | 25.32 [113.20 | 6.85 20.84
55kg N/ha

LSD 5% 0.52 38 0.21 NS 730 [o0.86 0.64

Data in Table S5 show that number of panicles per square meter, grain weight,
1000-grain weight, number of filled grain and panicle length were significantly re-
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duced as the irrigation intervals increased up to 12 days. The data also reveal that
such reduction due to increasing the irrigation intervals to 6 days was less than that
resulting from irrigation every 9 or 12 days. Unfilled grains per panicle showed a
significant increase with the increase in irrigation interval up to 12 days. This ex-
plains the reduction of yield since all its components are reduced. These findings are
in agreement with those repored by Nour et al (1996).

Furthermore, vield components showed significant variations among the dif-
ferent fertilizer treatments. The highest number of panicles was obtained from 110
kg N/ha followed by the application of 28.5 t FYM plus 55 kg chemical N/ha. On the
other hand,all fertilizer treatments gave higher values compared with control. A
similar trend was observed with grain weight and number of filled grains per pani-
cle. 1000-grain weight did not show significant variation due to the application of
fertilizers. Unfilled grain increased as nitrogen rate increased. This was expected
since the high rates of nitrogen delays heading and maturity and increased sterility.
These results are in harmony with those reported by Ali and Morachan (1974) and
Sharma and De, (1976) Castillo et al (1991), Harbir et al (1991), and Nour et al
(1996).

Nitrogen content and uptake :

Table 6 show nitrogen content of rice grain and straw as affceted by irriga-
tion interval and fertilizing treatment. Nitrogen content decreased as irrigation in-
terval increased up to 12 days. Apparently due to the reduction in N availability un-
der when water strees which agrees with Sharma and De (1979).

Data also showed that N content varied with fertilizer treatment. The highest
N content was found in plants fertilized with inorganic nitrogen at the rate of 110 kg
N/ha. The application of FYM at the rate of 19 or 28.5 t/ha gave similar nitrogen
content values. This could be attributed to very slow release of N under flooding
conditions suggesting that this N would be of more benefit to the succeeding crop
than the rice crop which agrees with Mali and Shaikh (1993).

Table 6 presents also N uptake by grain and straw and total N uptake. Data
show a significant reduction in nitrogen uptake by both grain and straw which could
be attributed to the effect of water deficit on plant growth and dry matter produc-
tion. Inorganic nitrogen at the rate of 110 kg N/ha gave highest value of N uptake,
followed by the application of 28.5 t FYM plus 55 kg N/ha. More studies are needed
to follow up the applied FYM and its benefits to the next crop.
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The interaction between irrigation interval and nitrogen fertilizer treatments
is illustrated in Fig 1 (a and b). Highest nitrogen content and uptake values were
found under irrigation every 3 days (continuous flooding) and with the highest rate
of inorganic nitrogen, followed by irrigation every 6 days also and the highest rate
of inorganic nitrogen. Under the prolonged interval irrigation such as every 9 and 12
days the nitrogen content and uptake was less than other treatments. This could be
attributed to the fact that under wet and dry conditions, nitrification and denitrifi-
cation processes play a significant role in nitrogen losses.

Table 6. Nitrogen content and uptake by rice plant at harvest as affected by irriga-
tion regime and fetrilizer application (combined data of 1995 & 96).

N contet (%) N uptake kg/ha

Treatments

Grain Straw Grain Straw Total
Irrigation every
3 Days 1.06 0.53 0.53 0.53 0.53
6 days 1.02 0.46 0.46 0.46 0.46
9 days 0.97 0.43 0.43 0.43 0.43
12 days 0.80 0.40 0.40 0.40 0.40
Fertilizers
Control 1.02 0.40 0.40 0.40 0.40
55 kg N/ha 0.81 0.44 0.44 0.44 0.44
110 kg N/ha 1.10 0.54 0.54 0.54 0.54
9.5 t FYM/ha 0.88 0.42 0.42 0.42 0.42
19 t FYM/ha 0.93 0.43 0.43 0.43 0.43
28.5 t FYM/ha 0.94 0.47 0.47 0.47 0.47
28.5 t FYM+55kg N/ha 1.05 0.49 0.49 0.49 0.49

Water Relations

Table 7 presents the reduction in yield and some water relations as affected
by irrigation interval. Data show that yield was reduced by less than 5% when irri-
gation interval increased from 3 to 6 days. But about 17% of irrigation water was
saved. While, when irrigation interval increased to 9 days, the yield reduction was
about 31%, with about 27% water saved. Data also showed that less water was
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used to produce one kelogram of rough rice when a 6-day interval was used. On the
other hand, with continuos flooding irrigation every 6 days or 12 days more water
was used to produce one kelogram of rough rice. This means that under our experi-
mental condition, irrigation every 6 days is recommended since it saves some irri-
gation water with higher water use efficiency and minimum reduction in yield. These
findings are similar to those reported by Prasad et al (1974), Parihar et al (1995)
andNour et al (1996).

Table 7. Yield reduction and some water relations under different irrigation inter-
vals (Combined data of 1995 & 1996 seasons).

o : Total Water use
Irrigation intervals Yield Water —
B A water used *efficiency
- m3/ha
Irrigation every 3 days = 16200 1.84
Irrigation every 6 days 4.2 16.7 13496 1.60
Irrigation every 9 days 310 27.4 11756 1.93
Irrigation every 12 days 40.0 36.7 10239 1.95

WUE = Total water used (m3) / grain yield (kg)
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