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Effect of large-scale pig farm waste water on wheat yield and quality

ZHU Zheng-Jie, GAO Wei, ZHUANG Heng-Yang
(College of Agronomy, Yangzhou University, Yangzhou 225009, China)

Abstract With the rapid development of China’s large-scale pig farms, increasing manure and sewage discharge is causing severe
environmental pollution that in turn threatens the sustainable development of large-scale pig farming. The utilization of sewage, a
kind source of nutrient, by combined pig farming with cropping is the best solution to this problem. As sewage utilization in
farmlands lacked systematic research, a field experiment was conducted to study sewage effect on yield and quality of wheat. The
results of the study could provide the scientific basis for efficient wheat production that supported large-scale pig farming. The
sewage used in the experiment contained 1 000 mg-L™" of total nitrogen, 540 mg-L™' of available nitrogen and 779 mg-L™' of
available phosphorus. The experimental treatments consisted of different combinations of sewage (0 m>hm2, 30 m*hm?, 60
m*-hm 2, 90 m*hm > and 120 m*hm?) and nitrogen [0 kg(N)-hm 2, 30 kg(N)-hm 2, 60 kg(N)-hm 2 and 90 kg(N)-hm 2] application
rates plus conventional base fertilizer at winter wheat booting stage. The results showed that wheat grain yield under 30 m*hm™2, 60
m’-hm 2 and 90 m*hm > sewage treatments with 60 kg(N)-hm 2 nitrogen were 8 496.27 kg-hm 2, 8 372.28 kg-hm 2 and 8 419.97

kg'hm %, respectively. Wheat grain yield under the conventional fertilizer treatment was 8 305.52 kg-hm % Yield under
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zero-topdressing or 30 kg(N)-hm72 nitrogen treatment was lower than that under conventional fertilizer application. This
demonstrated that sewage use must be combined with certain amounts of fertilizer to get desired outputs. Grain protein content under
zero-nitrogen or 30 kg(N)~hm72 nitrogen application was below 13%, the lower limit of medium-gluten wheat requirement. Taking
both yield and quality into account, combination of 60 m*hm 2 sewage and 90 kg(N)-hm 2 nitrogen fertilizer or 90 m*-hm > sewage
and 60 kg(N)-hm 2 nitrogen fertilizer was a suitable fertilization program. If sewage field carrying capacity and reduction in chemical
fertilizer were taken as additional factors, then the combination of 90 m**hm 2 sewage and 60 kg(N)-hm 2 nitrogen fertilizer applica-
tion was most suitable for high yield, good quality and efficient wheat production in the study area.
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Table 1  Application rates of sewage and nitrogen fertilizer for the experimental treatments
/ (- -) Treatment
Application time/date (year-month-day) Fertilizer T1 T2 T3 T4 T5 T6 T7 T8 T9
Wintering/2009-01-29 Sewage (m’-hm ) 0 30 30 30 30 60 60 60
Booting/2010-03-20,04-15 N fertilizer [kg(N)-hmfz] 120 0 30 60 90 0 30 60
TIO TI1 TI2 TI3 TI4 TI5S TI6 TI17 TI8
Wintering/2009-01-29 Sewage (m*hm 2) 60 90 90 90 90 120 120 120 120
Booting/2010-03-20,04-15 N fertilizer [kg(N)-hm ] 90 0 30 60 90 0 30 60 90
, (T2)
3
(NITS) , 441.74~635.35 -hm’
HQTO01000 , Bra- ,
bender , AACC56-60 T18 ,
Falling number 1400 ,
Newport Scien-
tific Super 3 RVA(Rapid Viscosity 26.61~35.43 -1
Analyzer) , TWC(thermal cycle for windows)
T3 , T6 ,
30 m*hm?
SPSS Excel 3.
60 m’-hm ,
2 HREHH
2.1 42.52~49.17 g T10
2 , , T7
5 444.29~8 496.27 kg-hm 2 (T1), 30
TS m’>hm~? 60 m*hm?
, T17 , T13
%2 FRBWSANARESHANNEFESEEURESNEMN
Table 2 Effect of different application rates of sewage and nitrogen fertilizer on wheat yield and its components
Spike
Treatment (x10%hm?) Grain number per spike 1000-grain weight (g) Theoretical yield (kg-hm ?) Actual yield (kg'hm?)
T1 441.74b 27.18cd 48.56ab 5 830.35 5444.29d
T2 564.93ab 32.32abc 46.15abc 8426.32 8 305.52a
T3 481.04ab 26.61d 49.11a 6286.31 5890.96¢cd
T4 505.80ab 31.96abcd 47.66ab 7704.41 7017.96abc
T5 621.52ab 34.27ab 47.54ab 10 125.78 8496.27a
T6 514.86ab 35.43a 45.9abc 8372.84 7 844.54ab
T7 468.86ab 29.57bcd 49.17a 6 817.02 6 337.63bcd
T8 528.37ab 29.91abced 47.33ab 7479.82 7 304.09abc
T9 553.36ab 30.61abcd 44.93bc 7610.40 7701.48ab
T10 601.97ab 29.09bcd 42.52¢ 7 445.81 8019.39ab
T11 566.59ab 30.97abed 47.07ab 8259.51 7 332.7abc
T12 583.53ab 32.85ab 48.15ab 9 229.85 8 122.72ab
T13 591.93ab 33.86ab 46.85ab 9390.03 8372.28a
T14 601.02ab 30.51abced 44.81bc 8216.86 8 098.87ab
T1S 565.47ab 29.16bcd 48.36ab 7974.13 7 604.52abc
T16 589.57ab 33.46ab 47.05ab 9 281.56 8 082.98ab
T17 605.98ab 30.71abcd 42.66¢ 7938.88 8419.97a
T18 635.35a 30.91abed 44.5bc 8739.21 8 122.72ab

5% s

Different small letters mean significant difference at 5% level, the same below.
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Table 3  Effect of different application rates of sewage and nitrogen fertilizer on wheat grain quality
Treatment Starch content Protein content Bulk density Hardness Sedimentation Dry gluten Wet gluten
(%) (%) (L™ (%) value (mL) (%) (%)
T1 67.23b 12.03cde 731.95bede 65.18ab 32.47abc 9.38cde 27.82cde
T2 68.37ab 13.60abc 746.92ab 60.68gh 37.33ab 10.61abcde 32.0labcd
T3 68.47ab 11.33e 727.12cde 65.82a 27.00c 9.14de 27.19cde
T4 68.47ab 11.67de 738.43abcde 64.63ab 29.80bc 10.06bcde 28.44cde
T5 69.20ab 13.33bced 745.67ab 61.47efgh 34.37abc 10.23abcde 29.81bcde
T6 69.57a 12.50bcde 742.98abc 61.57defgh 33.37abc 10.11bcde 29.67bcde
T7 68.30ab 11.90cde 731.70bcde 64.50ab 30.63bc 9.32cde 28.06cde
T8 69.53a 12.60bcde 751.62a 64.70ab 32.97abc 9.21de 26.45¢
T9 67.63ab 13.00bcde 738.77abcde 63.320bcde 34.47abc 10.87abcde 30.52bcde
T10 68.83ab 14.23ab 740.07abed 63.10bcdef 40.67a 11.20abc 33.98ab
T11 68.97ab 12.43bcde 723.90de 63.50bcd 33.93abc 9.04e 26.98de
T12 68.53ab 12.47bcde 737.35abcde 62.30cdefg 32.83abc 10.17abcde 30.16bcde
T13 68.43ab 13.07bcde 736.07abede 63.62bc 36.67ab 10.84abcde 32.11abed
T14 68.17ab 13.93ab 734.53bcde 61.18fgh 40.00a 11.70ab 34.55ab
T15 68.33ab 12.63bcde 723.63¢ 64.13abc 33.13abc 9.48cde 27.63cde
T16 69.50a 12.93bcde 737.28abcde 63.42bcde 36.67ab 10.01bcde 29.67bcde
T17 67.17b 13.67abc 735.48abcde 60.62gh 39.73a 10.99abed 32.34abc
T18 68.43ab 15.13a 738.77abede 60.12h 40.80a 12.01a 35.67a
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x4 TREEZBHISKANRMLE S AN/ NEIEH RVA FHEF

Table 4 Effect of different application rates of sewage and nitrogen fertilizer on wheat grain starch RVA profiles

Peak viscosity  Trough viscosity ~Break down  Final viscosity ~Consistence viscosity ~ Peak value time ~ Gelatinization temperature

Treatment (cP) (cP) (cP) (cP) (cP) (min) ()
Tl 1272.67¢ 438.00c 834.67¢c 902.33¢ 464.33¢ 5.31d 81.32d
T2 1919.00ab 850.00abc 1 069.00ab 1762.33a 912.33a 5.71ab 84.23a
T3 1349.33bc 499.33bc 850.00c 976.33bc 477.00bc 5.38cd 81.73bcd
T4 1 598.00abc 653.67abc 944.33bc 1365.67abc 712.00abc 5.53abed 82.07abed
T5 1 794.00abc 833.00abc 961.00abc 1 682.00ab 849.00a 5.67abc 83.38abed
T6 1 649.00abc 723.33abc 925.67bc 1469.67abc 746.33abc 5.60abcd 83.02abed
T7 1 543.33abc 614.67abc 928.67bc 1290.33abc 675.67abc 5.51abced 82.27abed
T8 1 687.67abc 758.00abc 929.67bc 1 503.00abc 745.00abc 5.60abcd 82.90abed
T9 1 798.33abc 864.00ab 934.33bc 1 692.67ab 828.67a 5.67abc 83.67abc
T10 2 026.00a 1013.33a 1 012.67abc 1987.67a 974.33a 5.78a 83.95ab
T11 1 610.00abc 606.67abc 1 003.33abc 1 250.67abc 644.00abc 5.40bcd 81.53cd
T12 1 836.00abc 848.33abc 987.67abc 1 690.33ab 842.00a 5.66abc 83.12abcd
T13 1 810.67abc 872.67ab 938.00bc 1711.33ab 838.67a 5.64abc 82.80abed
T14 1 850.33abc 838.00abc 1 012.33abc 1713.67ab 875.67a 5.69abc 83.65abc
T15 1 835.67abc 883.33ab 952.33abc 1 661.33ab 778.00abc 5.67abc 83.68abc
Tl6 1 626.67abc 700.00abc 926.67bc 1 414.00abc 714.00abc 5.51abed 82.07abed
T17 1 829.00abc 796.33abc 1 032.67abc 1 611.00abc 814.67ab 5.62abcd 82.50abed
T18 2 002.33a 849.33abc 1 153.00a 1820.33a 971.00a 5.71ab 83.08abcd

4 5 RVA R 5
(T1)
T10
T18 , ,
(T2) ,
+ \A b
Wit . )
60 m*hm > 90 kghm?
, 90 m’-hm™> 60 kghm*
30 m*hm™ 60 kg-hm™>
b B b
2
B B .
30 m*hm? 60 kg-hm™
2
b
[14-16]
b b
b
b
> 3
s 9
2 2
2
b 2
[17-18] 4 g
2
[19-20]
b b
, 30m*hm? 60 m>*hm? 90 m*hm’

60 kg-hm > 3 8 496.27
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kghm? 8 372.28 kgthm * 8 419.97 kg-hm 2,
8 305.52 kg-hm > ,
30 kg(N)-hm™ ,

30
kg(N)-hm ,
13% ,
60 m*hm™ 90 kg(N)-hm™
90 m*hm™ 60
kg(N)-hm 2
90 m*-hm* 60 kg(N)-hm
S 3k
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