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Growth and Grain Quality of Winter Wheat Irrigated with Biogas Liquid from a Swine Farm

DU Zhen—jie'**, FAN Xiang-yang'?, LI Zhong—yang'?, QI Xue—bin'*"

(1.Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453003, China;2.College of Resources and
Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 3.Agriculture Water and Soil Environmental Field Science
Research Station of Xinxiang City of Henan Province of CAAS , Xinxiang 453003, China )

Abstract: Irrigation with industrial and domestic sewage has increasingly become popular in most areas of China where there is short of
fresh water. Unlike fresh water, biogas liquid is rich in nitrogen and phosphorus but contains other contaminants too. Irrigation with such
liquid will therefore arouse concerns over food and environmental safety. A field experiment was conducted to study the effects of irrigation
rates and frequency of biogas liquid in combination of two rates of nitrogen fertilizer on growth, yield, grain quality, water use efficiency
(WUE) of winter wheat. The growth index at shooting period, yield, grain starch of winter wheat were significantly higher under the suffi—
cient irrigation(irrigation quota for 900 m*+hm=) than under less—sufficient irrigation(irrigation quota for 600 m*+hm=). The differences be—
tween two treatments were 19% and 9% for yield and starch content, respectively. No significant differences were observed between two ni—
trogen fertilizer levels under the same irrigation rates. However, the water use efficiency( WUE ) was higher under less—sufficient irrigation
than under sufficient irrigation. In conclusion, Irrigation of 900 m?+hm™ with 30 kg N+-hm™ would be optimum for winter wheat growth and
grain quality.
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2008 4F- i 52 4 FAIL IR 5 (9 JE Atk _F- X 2008—2009 4F
FEREAR VBT T R4 I35 ) : 900 m® - hm™ & i 19 42b
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9 BRI R SR 4 ) . OREIRIIY
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Table 1 Experimental design of winter wheat

%=2 b3 S R (LS VS RPN Bt kg -hm™
Code Explanation Overwintering stage Regreening stage Jointing stage Heading to milk stage Total nitrogen inputs
HH3 SV W TR I RIARI K 243.6
HL3 K AIRAL I IR IR K 2136
HH4 YN TR TR TR TR 304.8
HLA KA TR IR UTR7NER I YRR 2748
LH4 KL VISR IR IR YRR 2232
LLA fRARAERAL W W TR T RIARI 1932
CK1 TR 7K THK THIK K K 180
CK2 AR IR LGRS K 7K GRS 180
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Table 2 Physico—chemical characteristics of studied soil

J2fem Hlgem®  ALBREI% Jiehl Soil texture/% SRk Rgkg’ ATHUE%

Soil layer pH H Bulk density Total porosity  glokr Clay Wk Silt bk Sand Total N Total P Organic matter
0~10 8.03 1.26 56.12 15.13 48.21 36.66 0.96 0.85 1.30
10~20 8.34 1.49 55.77 15.77 47.62 35.98 0.98 0.79 0.95
20~30 8.52 1.48 43.06 16.43 47.86 35.02 0.96 0.80 0.62
30~40 8.57 1.38 49.92 16.87 40.28 42.25 1.03 0.87 0.51
40~60 8.50 1.28 50.23 18.63 3431 46.92 0.74 0.78 0.43
60~80 8.62 1.49 46.77 19.16 46.68 39.62 0.58 0.78 0.45
80~100 8.54 1.51 42.58 36.06 47.48 16.46 0.52 0.71 0.36

3 BB RERAKBR (mg- 1)
Table 3 Quality of biogas liquid used for experiment (mg-L™")
JKFEUREE Depth of water NH;-N NO;-N Total N Total P COoD
0~50 ¢m 87.5~175.5 0~1.54 68.1~187.6 4.63~10.18 640~800
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o %38 W AL PR HHA 5 % B8 CK1 7.17%
HLA & %R CK 1 18.52% ., it AR 25—kt , mr i dk
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A HE Ab BE LH4 14.88% ,HLA &5 H I3 b P LLA
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AT, IR AN EE HH3 LH4 /N3 77 500 AR AR Ak
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Table 4 Plant heights in different treatments(cm)

Qb 50 d 165 d 192d 210 d 221d

HH4 10.06a+0.06 20.12a20.38 66.32a+0.26 72.40a+0.30 76.15a+2.03 75.25a20.70
HLA 9.87b+0.04 19.75ab+0.42 65.10ab0.18 70.37¢+0.15 72.61b+1.99 75.03a22.05
HH3 9.95bh=0.06 19.86a20.16 65.80ax0.29 69.33d+1.04 69.99¢+1.93 72.22h+2.22
HL3 9.69¢+0.02 19.38b+0.37 63.90b+0.30 69.40d+0.96 70.40c+1.82 75.92a+0.88
CK1 8.21£+0.10 16.41e+0.36 54.70e+0.25 68.50e+0.21 73.00b+3.23 74.58a+0.32
LH4 8.75d+0.03 17.49¢+0.20 58.30c+0.36 71.80ab+0.03 72.01b+2.29 71.52b+2.79
LL4 8.50e+0.08 17.00d=0.87 56.67d=2.89 71.70b=0.36 72.01b+2.82 75.43a22.60
CK2 8.46e+0.02 16.92d+0.35 56.40d=1.15 65.50£0.20 72.29b=+1.35 74.95220.99

T : RIS S B R /NG P REAN R R A BRI A B 35 22 57 (P<0.05) . 5 [H].

Note: Values followed by different letters in the same column are significant among treatments at the 5% level , the same as table 5.

£S5 FRLEZ/NEMERIEHHI LR

Table 5 Leaf area index(LAI) of winter wheat in different treatments

Qb3 50d 165 d 192 d 210d 221d

HH4 1.43a+0.03 2.87a+0.05 4.78a+0.16 4.89a+0.09 5.20a+0.14 3.38¢+0.20
HI4 1.25b+0.02 2.59b+0.02 4.29b+0.08 4.46b=0.11 4.92bc+0.12 2.95d+0.15
HH3 1.38a+0.04 2.58b+0.03 4.28h+0.02 4.49b+0.16 4.96ab=0.15 2.72de+0.04
HL3 1.08¢+0.01 2.60b+0.04 4.31b+0.02 4.39b+0.22 4.79bed+0.18 3.74abc+0.21
CK1 1.03¢d+0.03 2.13¢d+0.05 3.55¢+0.02 3.68¢+0.09 5.15a+0.12 2.46e+0.14
LH4 1.28b+0.04 2.08d+0.04 3.48¢+0.09 3.47d+0.04 4.59d+0.18 3.90ab+0.29
LL4 1.01de+0.05 1.82e+0.02 3.03d+0.04 3.17e+0.06 4.73bed+0.25 3.55be+0.26
CK2 0.96e+0.03 2.20¢+0.05 3.56¢+0.09 3.71c+0.21 4.93ab+0.15 4.06a+0.19
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Table 6 Effective tiller number of winter wheat in different treatments

AL B Treatment HH4 HH3 HLA HL3 LH4 LI4 CK1 CK2
R T 4] Regreening stage 34a 34a 31b 31b 26¢ 25cd 25cd 23d
YT Jointing stage 49a 48a 43b 41b 36¢ 35¢cd 36¢ 33d

T R BUES ARG PR R A BRI 5 95 57 (P<0.05) , 38 7 (7]

Note: Values followed by different letters in the same line are significant among treatments at the 5% level, the same as table 7.

10 000 : 3
ab a ab abc

= [ T be c ¢
8000 - e A & | =
P »— % —g 2 ¥
£ 6000 ¥ o
2 #
1% 4000 =
WEH 41 e
&
2000 - ®

0 HH4I HIA4 IHH3I HL3 I CK1 I LH4I L4 ICK2 0
Kb Treatments
PR WAERE KRR AT . 7R B NS TR
AFIFRAT 835 22 5 (P<0.05)
Histogram is for yield, and line for water use efficiency( WUE ). Values

followed by different letters are significant among treatments at the 5% level

1 ARSI ZNEFTE R KT AR B T
Figure 1 Yield and water use efficiency of winter wheat

in different treatments
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Table 7 Contents of starch and crude protein in winter wheat grain under different treatments( % )
AbFR CK1 CK2 HH3 HL3 HH4 HLA4 LH4 LI4
VEKS Starch 52.98¢ 50.56d 53.46b 53.08bc 54.68ab 55.69a 52.76¢ 50.88cd
ML )5 Crude protein 16.89b 17.26ab 17.36ab 17.34ab 18.58a 17.42ab 17.32ab 17.28ab

HLER 1 & S B [l 5 A A

y=3E-092+0.000 1x+15.182(r=0.806 8", n=8)

AT L, A/ NAERFRETENS MOHLER BT 00 5 5™
ZIEFAER R R A, RT3
S TR TE 1) AN [ ALk BT 2% /N 7 e R it A A
R TEA & R R — 2

3 3ig
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T T A A T BR ) v TIRE AL B, (EAK 4 A1
BRI SARTEAL B . TR SE PRI TEIN N, /INZZ
He W Rk i R K 2 AR B B AR AR G
AHF5E 2 W) 58 7 TR MR T S5 1 I, ZE A6 A0 L)
HETKIKAF- (600~900 m’~ hm™) , 38 finvE /K 42 FEE K I
BERRERS AL U HE B i XN B KR 4R
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