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WO FIELD experiments one on wheat and one on rice
T succeeding wheat (2009 / 2010 wheat, 2010 rice) were
carried out on a clayey soil at Ghazala El-khis on Efficient
Productivity Institute farm, Sharkhia-Governorate to study the effect
of rice straw residue applied to wheat on yield and nutrient uptake of
wheat and also the residual effect of such residues on rice crop which
succeeded the wheat crop. Rates were 4.8, 9.5 and 14.3 Mg (mega
grams) ha?l, methods were surface application followed by
incorporation in the 30 cm top soil, and application in ditches 40 cm
deep (tunnels) spaced at 2,3and 4m between each other. Application
of straw caused slight decrease in wheat grains and marked decreases
in straw vyields. Ditch application recorded greater values over
surface application. Uptake of N and P by wheat was lower due to
rice residue application but for K, it gave higher values over the non-
treated and the highest values were recorded at the 3" rate with
ditches treatment of 2m distance. There was a residual effect on
yields of rice as well as NPK uptake and protein percent over
treatment not receiving rice straw residue in the preceding wheat
crop. The ditch method was superior to the broadcast method; and
decreased with increasing the spacing between ditches, as well with
the decrease in the rate of application. The results also indicated
positive effects on bulk density as well as organic matter and NPK
contents in soil. Greater values were obtained at the rate of the 14.3
Mg ha " with ditches method of 2m
distances.

Keywords: Wheat plants, Rice plants, Residual effect, Straw residue, Ditches.

Crop residues are regarded as waste materials that require disposal, but they are
important natural material resources and not wastes. Incorporation of cereal
straws of wide C: N ratio, immobilizes soil N and adversely affects yield of the
succeeding crop (Sidhu and Beri, 1989). Rice straw left in the field after
harvesting is generally burnt by many farmers in Egypt, although contains
nutrients. Burning these residues cause loss of organic matter and plant nutrients
and environmental pollution. Verma and Bhagat (1992) reported that rice straw
had positive effects on rice yield and N uptake. Tawfic and Gomaa (2005),
Zeidan et al. (2005) and Yaduvanshi & Sharma (2008) reported that farmyard
manure application enhanced wheat yield and N, P and K uptake. Niveta et al.

(2006) reported that mineral fertilizers gave higher yield of

wheat than rice.
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Gong et al. (2009) and Liu et al. (2010) showed that, long term addition of
organic manure showed beneficial effects on wheat and maize. Application of
organic materials to wheat crop gave significant increases in grain and straw
yields, crop index, harvest index, and N, P and K uptake. Crop residues convert
farm wastes into useful products and provide nutrients for crops, and maintain
soil physical and chemical conditions (Powel and Unger, 1997 and Jimenez
et al., 2002) Incorporation of rice straw and animal manure in soil increased
organic matter, available N, P , K, Zn, Cu, Fe and Mn and improved soil
aggregation, porosity and bulk density (Verma and Bhagat, 1992). Sarwar et al.
(2008) reported that pH and SAR decreased due to addition of composted
organic residues, also available N, P, K, Ca and Mg as well as organic content
increased. Burning rice straw causes black clouds in Egypt which would lead to
respiratory problems to humans .The current study was conducted to study the
effect of rice straw application to the soil on wheat productivity and the residual
effect onthe succeeding rice crop and soil properties in Sharkhia Governorate.

Material and Methods

A field experiment was carried out with rice and wheat (season 2009-2010)
and the succeeding crop of rice (season 2010) at the farm of Faculty of
Technology and Development (Ghazala EI-Khis) — Sharkia Governorate to study
the effect of rice straw application on wheat crop and the residual effect on the
succeeding rice crop. Main characteristics of the soil and the rice straw residues
are recorded in Table 1. The treatments were replicated thrice in a split plot
design. The main plots were assigned to the rate of straw application (4.8, 9.5 and
14.3 Mg ha™). The sub plots were assigned to the method of application (surface
incorporation into the 30 cm top layer and deep application in 40 cm deep at
distances of 2-, 3-and 4- m each tunnel treatment). An additional treatment
without straw application was done .The area of the experimental plot was 48 m?.
The straw residues were cut by a machine to obtain parts with high surface area.
Chemical fertilizers were added to the residues at recommended NPK doses.
Phosphorus at 17 kg P as super phosphate (6.8% P) and 48 kg K in the form of
potassium sulfate (40 % K) ha®, respectively were added to each crop. For
nitrogen, 214 kg N as urea (46.5% N), and 179 kg N as ammonium sulfate (21% N)
were applied for wheat and rice, respectively. P and half K rates were added
before wheat sowing or rice transplanting, the other K half was given with the
second N split. Nitrogen was added in three equal splits at planting, 30 days after
sowing and 60 days after sowing for wheat, for rice nitrogen splits were before
transplanting, 30 days after transplanting and 45 days after transplanting.

Seeds of wheat (Triticum aestivum L., cv Sakha 93) were seeded on 30" of
November, 2009, broadcast at a rate of 143 kg ha™. seedlings of rice (Oryza
sativa L., cv Sakha 101) were transplanted on 15" July, 2010, 2-3 seedlings hill™
at 15 cm x 20 cm. Recommended cultural practices were followed to raise the
crops of wheat and rice. The crops were harvested at maturity, and yields were
recorded. Plant samples were taken and analyzed for NPK. After rice harvest,
composite soil samples from the 20 cm top layer from each plot were collected
and analyzed. Analysis of samples as well as soil were determined according to
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Chapman and Pratt (1961).Soil particle size distribution and other physical
analysis were done according to Piper (1950).

TABLE 1. Physicochemical analysis of tested soil and chemical properties of rice
straw residue .

Analysis of soil of the experimental site

Fine Coarse Clay |Textural]l EC oM | caco, Total Ava;\llable Available|Available

sand |Silt % N P K
% (gkg™) | mgkg" | Mgkg" | Mgkg®

sand % % | class | (dSm™) [(gKg")| %
112 | 58 | 204|626 | Clay 110 [18.30| 2.20 | 1.23 160 19 290

Chemical properties of rice straw residue

OC (g kg™ C/N ratio | Total N (g kg?)| total P (g kg™) | total K (g kg?)

40.46 83 0.49 0.066 1.43

Results and Discussion

Effect of organic residues on wheat production

The data in Table 2 represent the wheat production under different rates of
rice straw application. The addition of rice straw within all tested rates resulted
in decreases in grains, and straw compared to the no-rice straw (NRO) treatment
which received NPK only. On an average, the greatest value of wheat straw
yield was 7.9 ton ha-1 with a decrease of 3.54% compared with the NRO
treatment. In the case of tunnel treatments, data show significant differences
between treatments. The main effect show greatest decrease in yield with
increasing the rate of applied rice straw. Decreases were statistically non-
significant with grains, but significant with straw. The decreases due to
applying 12" and 3" of straw were 8.2, 9.3 and 12.9 % for grain yield and 3.5,
6.1 and 9.4 %, respectively for straw yield. Such a pattern of decreased yields
with increased application of straw occurred with all methods of application.
Sidhu and Beri (1989) reported that, incorporation of cereal straws of wide C: N
ratio immobilize soil N and adversely affected yield of crops.

Concerning to the main effect of the method of straw application, data show
significant greater yields of grains and straw with ditch method compared with the
surface incorporation and the greater the distance between the ditches the higher
was the yield. Incorporating straw in the soil surface makes the soil plough layer
subject to a greater immobilization of available N compared with ditch method.
Besides, a straw incorporation in close-distance ditches would be subject to greater
N-immobilization. These results agree with Bunt (1988), Van Kessel et al. (2000)
and Qian & Schoenau (2002), who stated that immobilization in soil occurs with
organic materials of high C: N ratio. Cheshire et al. (1999) stated that, when straw
remains in the field after harvest, its rapid decomposition is important to minimize
the negative effect due to immobilization of available nutrients. Azam et al. (1991)
reported that added mineral N following straw incorporation into the soil in order to
overcome yield decrease due to N immobilization.
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Residual effect of organic residues on the succeeding rice crop

The data in Table 3 show the residual effect of organic residues on rice
production under different rates of rice straw residues with two methods of
application. Addition of residues within all tested rates for all methods of
application (surface as well as ditches) resulted in positive effect on grain and
straw of rice. Verma and Baghat (1992), Cassman et al. (1993), Bird et al.
(2001) and Kaewpradit et al. (2009) reported that straw and animal manure
incorporation increased rice yields and N uptake. Increases obtained in the
current study were associated with increases in the rate of application. The
values were greater in ditches than in surface incorporation at all rates of
application. Incorporation of rice straw into soil reduces N loss (Shindo and
Nishio, 2005).

The ditch method gave higher values than the surface incorporation one.
Yield of grain and straw decreased with increasing the distance between ditches.
Compared with surface application, the 2- 3- and 4-m ditch distance gave
average increases of 12.4, 5.3 and 4.7% for grains, respectively, increases for
straw were 2.7, 10.1 and 13.0 %, respectively.

Nutrient uptake

Wheat crop

The N- uptake in wheat grains and straw are recorded in Tables 4 and 5. All
treatments receiving rice straw contained lower N- uptake in wheat grain and
straw compared with the treatment not receiving straw. This demonstrates
marked immobilization of available N in the soil caused by rice straw residue.
These results are in a good agreement with those of Elliot et al. (1981), Verma
and Bhagat (1992), Azam et al. (1993), Soon (1999), Varendarpal Singh et al.
(2006) and Sharma & Parasad (2008) who stated that applying rice straw
residue to the soil reduced N- uptake by wheat grain and straw due to their wide
C:N ratio which decreased the availability of N to growing plants through
immobilization of mineral N forms into organic N forms. The current results
show that N- uptake decreased with increasing the rate of application.

With respect to the effect of method of application, data show that, the ditch
method gave greater values in N- uptake. The uptake increased with increasing
distance between ditches. Regarding grain protein content, data in Table 6 show
lower protein content in treatments of the surface incorporation as well as those
of the ditch method, particularly those of the 2- and 3-m distance as compared
with content in the no-straw application. Contents in the ditch method were
greater than in the surface application method. Contents decreased with
increasing straw —application rate. Average decreases for the 1%, 2" and 3"
rates were 11.5, 15.3 and 21.2%, respectively. The ditch method surpassed the
surface application method by averages of 16.1, 25.7, and 40.01 % for the 2-,
3- and 4- m distance, respectively. The greater the distance between ditches, the
higher are the contents of protein.
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Regarding P- uptake, results are similar to those of N. Data recorded in
Table 4 indicate lower P- uptake in treatments given rice straw compared with
the treatment not receiving straw. Such a pattern is in line with that of N- uptake
and indicates immobilization and decrease in available nutrients due to rice
straw application. These results are in agreement with those obtained by Elliot
et al. (1981), Verma and Bhagat (1992), Azam et al. (1993), Can (1999) and
Varendalpal et al. (2006).

P-uptake decressed as the rate of straw application increased. The ditch
method was greater compared with the surface method. P-uptake increased with
increasing distance between ditches. These findings are in harmony with those
obtained by Elliot et al. (1981) and Sharma & Parasad (2008) who reported that
rice straw being of wide C: N ratio reduces the availability of nutrients to
growing plants through immobilization. Varinderpal et al. (2006) found that
incorporation of crop residues increased P adsorption as well as resistance to P
release in soils.

Data of Table 4 indicate that application of rice straw caused pronounced
positive effect on wheat K- uptake. The uptake increased when the rate
increased. Average increased at 1%, 2" and 3™ rates of application were 19.1 ,
32.0 and 29.2% , respectively for uptake in grains and 12.4 , 14.0 , 15.0 %,
respectively for uptake in straw. The ditch method surpassed the surface method
by averages of 30.4, 23.5 and 25.3%, respectively for K-uptake in grains and
21.2,18.9 and 13.6 % for uptake in straw.

These findings are in harmony with those obtained by Kaur and Benipal
(2006). Data also reported that K- uptake decreased with increasing the distance
between ditches. Increases with the 2-, 3- and 4-m spacing were 37.0, 31.1 and
32.9 %, respectively for K- uptake in grains and 21.6, 19.3 and 14.0 % for K-
uptake in straw of wheat.

Rice crop

Data presented in Tables 7 and 8 illustrate the effect of applying rice straw
residue to wheat on uptake of N, P and K in the rice crop which succeeded the
wheat. Data show higher values for all treatments as compared with the no —
straw treatment.

Regarding N- uptake ,increases due to 1%, 2" and 3" rates of application
averaged 21.2, 28.7 and 39.6 % respectively for uptake in grains; 24.0 , 29.1
and 46.4 %, respectively for uptake in rice straw. The ditch method gave greater
N- uptake than the surface method. The increases due to the surface method,
averaged 12.2, % for grains N- uptake and 13.2 % for straw N- uptake Increases
dueto 2—-m 3 —m, and 4 —m spacing ditch method were 49.0 % 33.2 % and
25.7 %, respectively for uptake in grains and 57.7 , 36.0 and 25.2%, respectively
for N- uptake in rice straw. Increased N- uptake of rice grain and straw by
application of rice straw residue also has been reported by Kaewpradit et al.
(2009).
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For grain protein content, data in Table 6 show higher protein content in
treatments of the surface incorporation as well as those of the ditch method,
particularly those of the 2 and 3m distance as compared with content in the no-
straw application. Contents in the ditch method were greater than in the surface
application method. Contents increased with increasing straw —application rate.
Average increases for the 1% 2™ and 3™ rates were 12.8, 15.4 and 19.6%,
respectively. The ditch method was superior to the surface application method
by averages of 17.9, 10.5. and 6.7 for the 2-, 3- and 4- m distance, respectively.
The greater the distance between ditches, the less contents of protein.

With respect to P- uptake ,increases due to 1%, 2" and 3" rates of
application averaged 48.1 , 70.9 and 115.5 %, respectively for uptake in grains,
19.0, 39.8 and 75.9 %, respectively for uptake in rice straw. The ditch method
gave greater p- uptake than the surface method. The increases due to the surface
method, averaged 25.0 % for grains P- uptake and 23.6 % for straw P- uptake
Increases due to 2 — m 3 — m and 4 —m spacing ditch method were 126.0 %,
96.9 % and 65.1 %, respectively for uptake in grains and 69.0, 60.7 and 26.4%,
respectively for uptake in rice straw. These results are similar to those obtained
by Sharma and Parasad (2002), who found that incorporation of crop residue
resulted in building up organic C and increased P uptake by rice.

Regarding K uptake in rice (grain and straw), data in Table 6 show that all
treatments recorded greater values than control. Increases due to 1%, 2" and 3"
rates of application averaged 79.8, 143.5 and 151.3 %, respectively for uptake
in grains; 15.9, 25.4, and 45.6 %, respectively for uptake in rice straw. The ditch
method gave greater K- uptake than the surface method. The increases due to
the surface method, averaged 24.0 % for grains K- uptake and 13.5 % for straw
K- uptake Increases due to 2- m, 3- m and 4- m spacing ditch method were
231.5 % 131.5 % and 94.8 %, respectively for uptake in grains and 56.3, 33.7
and 13.98%, respectively for uptake in rice straw. These results are in agreement
with those obtained by Prasad and Sinha (2000) and Saha et al. (2009).

Overall assessment of response to rice straw application

Applying rice straw gave negative response to the crop of wheat to which it
was applied. This is an indication of removal of available nutrients to soil
micro-organisms which must have been active in removing soluble N for
building their bodies (i.e., immobilizing N) due to abundant amounts of energy
organic materials (the rice straw of the wide C:N ratio). However, following
several months of being in the soil, the rice straw must have undergone
intensive decomposition, narrowing its C: N ratio due to consuming energy rich
components. This would lead to a net mineralization of organic N- particularly
the N in the dead micro-organisms. For this reason, the residual effect of
showed positive response and increased yield and NPK uptake of the rice crop
which succeeded to wheat crop.
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Soil bulk density

Generally, application of rice straw to the soil decreased bulk density in all
treatments (Table 9). These results are in agreement to those obtained by Bhagat
and Verma (1991), He and Liu (1992), Prasad and Sinha (2000) and Bhagat
et al. (2003) who stated that lower soil bulk density and higher porosity were
realized after the application of rice straw and organic residues. Bulk density
responded significantly to treatments (Table 7). Regarding to the rate of
application of rice straw, data show that bulk density decreased when the rate
increased. The lowest value (1.26 gm cm™) was realized at 1% rate of application.

For methods of application, the results indicate that ditch method gave lower
bulk density than surface method. Ditches at 2 m distance showed an average of
1.27 Mg m™ while that of surface treatment gave an average of 1.30 Mg m™.

NPK and organic matter in soil

Different rice straw treatments showed positive residual effects on soil
contents of NPK and organic matter and recorded greater values than the not
receiving straw residue treatment (Table 10). Increases obtained occurred with
increasing the rate of organic residues in all methods of application. The ditches
method gave higher values than the surface incorporation method. Higher
values were obtained at 3" rate which gave average increases of 11.9, 12.1,
26.7 and 40.4% for N, P, K and organic matter contents of soil compared to the
no- straw treatment. These findings are in agreement with those obtained by
Bhagat and Verma (1991), Sharma Prasad and (2002) and Kaewpradit et al.
(2009) who reported that the practice of residue incorporation may be better to
sustain arable soils and represents an interesting method of managing soil
fertility and the soil organic matter content is related strongly to the amount of
residues added and the organic matter is regarded as the ultimate source of
nutrients and microbial activity in the soil.

With respect to the effect of methods of application, data show that the ditch
method surpassed the surface incorporation method. The 2-, 3- and 4- m
distance treatments showed average increases over the surface application as
follows: 24.19, 16.93 and 12.1%, respectively for N, 23.78, 15.0 and 9.33%
respectively for P, 50.6, 31.5 and 17.9 %, respectively for K and 24.6, 17.3 and
8.2% for organic matter

Conclusion

The study assessed the use of rice straw applied by surface method compared
with application in ditchesat rates ranging from 4.8 to14.3 Mg ha™. Results show
that application of rice straw to wheat crop in a ditches of 4m distance between
each other resulted in wheat grain yield which is relatively equal to the
conventional yield produced by the farmers using no rice straw. The residual
effect of straw application for both the two methods of application increased rice
grain yield. Bulk density was decreased whereas porosity as well as NPK and
organic matter contents were increased by straw application following rice.

Egypt. J. Soil Sci. 54, No. 1 (2014)



63

RATES AND METHODS OF RICE STRAW APPLICATION...

95 £8'T = MBIS 0T SUIAI00Y

)

WD WIS 6 T = ABIS U SUIATRI9Y

Iro SN (€Y) Va's T
£90°0 9100 (D TeT
TS0 700 ) 181
86T 85T 1744 00T 0€'T 62T 8T €T US|
LST I Lye 18T 9T 8U7T 8T T LTT 9T 6C1 LRI €T
8¥T 8T T 00T 0Tt 6T 1 67 1 67T 8TT €T YN SE
6517 | £3 9T 97 18 TET €T €T 0gT €61 U ENE T
(0/0) JUSYUOD Jo)jRUl S[UBSIO [[0] (. UI 34) £)Isuap Mnq [lo§
mt me 11874 uw ¢ we me
ﬁﬁmthED:_ uﬁamhcmncui_
aoe]mg wermsg W)
AN Jo SaduR)SIp e S|puuUN) B up — Jo sa0uR)SIp Je S[euuN] B up aex wopmpddy

(@) poyem uone.1od wouy

() porper woreiodiooug

(uopeairdde jo spoyjour NBYIP SUBSN) JEAAA 0] SINPISAL ABIS IILL JO $I)eT JUIIIJIP |PIAL HOYEZIILI] d[uesio Jo 1] 6 TTAVL

“d0.12 231 SUPSIAIEY] JBYE (Yp) JUTPUOD JPT IUESI0 PUE (W 52) Aysuap AIng [os uoe

Egypt. J. Soil Sci. 54, No. 1 (2014)



AM.G. EWIS etal.

64

" (w1 2121237 T 0 = (pa) weppay wend4sy (7)
" (8 ,01) = (ure1F eSdury SW (1) 's910N

_.mv_ W 067 = MBIS 0U SUIAIRINY

Tros | 5 5w §T €7 = mens ou Fualoory

% 8 TT'0 = MEDS OU SUIATIIY

£9°T1 SL0 SN ) 0]
L9 €0 600°0 () s0a s 1
90071 690 8000 (v) "°q8T
LOL8E|SETEY | 56 | Lo8TE T€LT | £08T [ T608 86FT 6510 | ST 0| #STO $TT0 UBI
¥Sk | €fb | 06 | 0SS £ £9°0€ [6E6T | STTE | LT9E 0L°ST SPT0 [ 1STO[#STO | 25T O eLy (BUSW ET
SoLov| s9f | szv | ols 1€ LELT | 8LLT | LOST [0L°8T 6T EFL0 | SET0| 0STO | LSTO e (BUSIN §'6
ILE cof | I8¢ |sTv (AL 9667 | 9L°vZ | 98°9T | 0642 IE+T TELO | 6Z1°0| 0ET 0| 8FT0 e L BUSIN gt
0 sur 3 nos . & 5w g (0o} N 12301
my | we |[mg wp | we | wmg mwy | weg | wg
B paye 1od.aoouy UBITA pareIodioouy URATA pojetodioonm  (v) ajea
Jo saoue)sip adeLIng Jo saouejsip eLINg Jo saoue)sip aovIms  |uopeonddy
e SIUNIP B uf 1% SaUNIp e uf 1 SAIP e U] R

() popam uonelod.aosuy

() poipawm uonetodioouy

() popam uonelod.oout

SIAN JO SN0 [I08 TO SANPISAT MEd)s 3911 Jo uonesjdde jo spoyjow pue sajea jo P 0 ATAVL

Egypt. J. Soil Sci. 54, No. 1 (2014)



RATES AND METHODS OF RICE STRAW APPLICATION... 65

Recycling rice straw residue in long - term wheat - rice system in ditches of
4m distance between each other at any rate of application will improve soil
physical, chemical and biological properties and increase crop productivity
particularly following long time after application. Thus would enable the
farmers to get rid of rice straw in a safety manner to avoid the problem of
burning it which not only lead to loss of huge biomass but also cause
environmental pollution. In addition, long - term application of rice straw
residue may reduce the use of inorganic fertilizers and then decrease soil
pollution.

Acknowledgement :This research was funded by the research contract signed on
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