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Effects of chemical fertilizer nitrogen substitution by biogas slurry on yield, quality and growth charac-
teristics of winter wheat

WANG Gui-liang', ZHANG Jia—hong", WANG Shou—hong', KOU Xiang-ming', XU Rong’, HAN Guang-ming', TANG He-jun’, ZHU
Ling-yu', BI Jian—hua’, WU Lei—ming’

(1.Lixiahe District Agricultural Institute of Jiangsu, Yangzhou 225007, China; 2.Ecological Agricultural Engineering Technology Research
Center of Jiangsu, Yangzhou 225009, China)

Abstract: A field experiment was conducted to study the effects of different ratios of chemical fertilizer nitrogen substitution by biogas slurry
on yield, growth characteristics ( development progress, plant height dynamic, population dynamic and dry matter accumulation dynamic ),
quality and heavy metal content of winter wheat. The results showed that winter wheat yield increased significantly(<0.05), with the
increase of the ratios of chemical fertilizer nitrogen substitution by biogas slurry, and the yield of the treatment with 50% chemical fertilizer
nitrogen substitution by biogas slurry (50%Nbs) was the highest, about 7.75 t-hm?, 18.14% higher than the treatment with total chemical
fertilizer nitrogen(Ncf) . There were no significant differences between the yields of 100%Nbs and Ncf(P>0.05). The 1000-kernels weight

presented a significant declining trend(P<0.05); the grains number per spike and harvest index increased at first and then decreased, with
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the increase of the ratios of chemical fertilizer nitrogen substitution by biogas slurry. The plant height, tiller number and dry matter
accumulation in different stages presented the gradual increment trend; in maturity, the above ground dry matter accumulation of 100%Nbs
was significantly higher than that of Ncf(P<0.05), The plant height, tiller number and dry matter accumulation of 200%Nbs were
significantly higher than these of Nef(P<0.05). Biogas slurry could improve wheat quality, and increase grain Cu, Zn contents, decrease
grain Cd, Cr contents, significantly(P<0.05), and had no significant influences on grain Ph, As contents(P>0.05). The contents of these
grain heavy metal of each treatment were lower than the maximum levels of contaminants in foods. When the ratio of chemical fertilizer
nitrogen substitution by biogas slurry raised above 50%, because of the prolonged growth duration and the increased basal internode length
could lead to lodge and yield reduction, and because of greater use of biogas slurry could lead to the risk of secondary pollution. Therefore, in

our preliminary study, in this experiment, the optimal ratio of chemical fertilizer nitrogen substitution by biogas slurry was 50%.

Keywords: biogas slurry; chemical fertilizer nitrogen substitution; wheat; growth; quality; heavy metal
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B K 4R 978.7 mm , 4E 34 H AR S0A 2140 h, 4F G A
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Table 1 Main physical and chemical properties of biogas slurry (mg-kg™)

W H R /mg-ke! Effi/mg-ke’ E/mg-kg'  Cu/mg-kg' Zn/mg-kg' Cd/mg-kg' Cr/mg-kg' Pb/mg-kg' As/mg-kg’ pH
1 2016/11/25 506.16 12.37 252.34 0.156 0.230 0.002 0.016 0.093 0.032 7.3
2 2017/3/20 539.85 13.11 267.51 0.201 0.238 0.002 0.019 0.097 0.041 7.4
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Table 2 Application of fertilizers in different stages for different treatments

il e/ i
Jisii o A kg hm™ . fEHB/Kkg-hm™?  JERA /- hm?
TR/t hm™ B /hm? ——
N P,0s K:0 N

Nef — 72.00 75.00 75.00 — 108.00 —
30%Nbs 42.67 50.40 71.98 42.56 60.02 75.60 102.69
50%Nbs 71.12 36.00 69.96 20.93 100.03 54.00 171.15
70%Nbs 99.57 21.60 67.95 — 140.04 32.40 239.61
100%Nbs 14225 — 64.92 — 200.06 — 342.30
2009%Nbs 284.50 — 54.85 — 400.11 — 684.61
T " RN AN TR A
Note: “—"means without biogas slurry or chemical fertilizers.
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Table 3 Effects of biogas slurry application on wheat yield and yield components

gL AREE/10°4 - hm ™ BERLEUA TR /g Jra /L hm™
Nef 456.00+22.00c¢ 43.18+2.07¢ 41.71+1.50a 6.56+0.28¢c
30%Nbs 456.50+24.37¢ 52.22+1.89ab 40.65+1.42a 6.68+0.31c
50%Nbs 471.33+£25.93¢ 55.16+2.11a 40.00£1.07a 7.75+0.17a
70%Nbs 491.00+27.98bc 53.57+2.12a 39.07+2.01ab 7.40+0.25ab
100%Nbs 531.33+20.93ab 49.83+2.02b 36.14+1.99b 7.25+0.49ab
200%Nbs 571.67+24.78a 45.61+1.98¢ 32.54+1.72¢ 7.01£0.27he
AR TR R AR PR 22 5 2 (P<0.05) . R[],
Note:Different letters indicate significant differences among treatments ( P<0.05). The same below.
®4 BRABRNNEEFHENZW(E/R/E)
Table 4 Effects of biogas slurry application on wheat development progress (year/month/day )
JOFL TR i gl L] A A F IR ] /d
Nef 2016/11/6 2016/11/14 2017/3/15 2017/4/18 2017/5/27 202
30%Nbs 2016/11/6 2016/11/14 2017/3/15 2017/4/18 2017/5/27 202
50%Nbs 2016/11/6 2016/11/14 2017/3/14 2017/4/17 2017/5/28 203
70%Nbs 2016/11/6 2016/11/14 2017/3/13 2017/4/17 2017/5/26 201
100%Nbs 2016/11/6 2016/11/14 2017/3/12 2017/4/19 2017/5/30 205
200%Nbs 2016/11/6 2016/11/14 2017/3/11 2017/4/20 2017/6/1 207
x5 ERAABRXRANEETE T EKEH I
Table 5 Effects of biogas slurry application on length of basal internode and rachis internode of wheat in maturity
Ab s HEFR A9 1] (K /em L 1] ik s A% PR A S /em FET T I ik s LAdil/ %
Nef 2.72+0.23b 3.80+0.31a 26.32+1.77b 36.79+3.11a
30%Nbs 2.71+0.20b 3.78+0.27a 26.34+1.78b 36.74+2.79a
50%Nbs 2.82+0.15b 3.83+0.37a 29.80+2.09a 40.40+4.25a
70%Nbs 2.97+0.21ab 3.98+0.28a 29.90£2.12a 40.11+4.17a
100%Nbs 2.99+0.27ab 4.01+0.31a 29.25+1.11ab 39.28+2.51a
200%Nbs 3.33+0.18a 4.24+0.29a 30.04£1.71a 38.70+3.75a
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Figure 1 Effects of biogas slurry application on wheat height, tiller number and dry matter accumulation in different stages
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PN o AL PR Nef b 3/N 2 58 15 18] K ¥ it
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Table 6 Effects of biogas slurry application on tillering characteristic of single wheat plant

s YT — Y Bt
SR MR RER% SN OREEC WER% RN AR %

Nef 5.50+0.29¢ 2.55+0.19b 46.36+4.52a 0.15+£0.01e 0 0 5.65+0.30d 2.55+0.19¢ 45.13+4.32a
30%Nbs  5.52+0.27c 2.61+0.15b 47.24+4.50a 0.22+0.01d 0 0 5.74+0.28d 2.61+0.15¢ 45.45+4.27a
50%Nbs  6.19+0.37b 3.00+0.17a 48.46+4.21a 0.24+0.01d 0 0 6.43+0.38¢ 3.00+0.17b  46.67+4.12a
70%Nbs  6.62+0.21b 3.19+0.20a 48.20+3.72a 0.38+0.02¢ 0 0 7.00+0.23b 3.19+£0.20ab  45.58+3.68a
100%Nbs  6.55+0.34b 3.05+0.19a 46.53+3.50a 0.50+0.05b 0.09 18.18 7.05+0.39b 3.14+0.19ab  44.52+3.32ab
200%Nbs  7.17+0.31a 3.09+0.21a 43.03+4.71a 0.65+0.05a 0.26 40.00 7.83+0.36a 3.35+0.22a  42.78+4.52b

(Y30, B BRSO N A RS S 2 32 Vi 1 I
T AR B A A6 U] 52 5 B TS R B a3, 509%Nbs
b BRI 1, N 46.67% ;5 100%Nbs 55 Nef 4b 3 8] 22 5 K
2 (P>0.05) , 200%Nbs 4b # 0] & 25 (K T Nef &b #
(P<0.05) .
FH 2% 7 AT DL, B T VRO AR A L L 13 A 3
J N2 ISOIR T B BRSNS T B i #5, 509%Nbs ik
FRA% 5, 4 0.51; 100%Nbs 5 Nef &b ¥ [a] 22 53 g 2%
(P>0.05) ,200%Nbs 4b #> 0.35, {2 35 /N F HoAth 45 ik
FH(P<0.05) o A3 BEMA 2 415 100 R0 10 = R Bl
%?E?@l%ﬁ4ﬁﬂﬂﬁtmﬂ%iﬂﬂ,/J\iﬂﬁJ:%ﬁ$%A 2
SN S BT R B iR 2 R T
SEESEE NG T R R 3, 50%Nbs 40 #1525 5 T
48 kb (P<0.05) , "4 7.51 t-hm™.

Bifi 25 TR RO AR IE 2R G ) B 386 0, /N 22 s s
Py J5 [ Ak BT k% 2 B W b T, 100%Nbs il
200%Nbs 4k ¥ 2Z 0] 22 5 A & 3 (P>0.05) , -3 K
78.21% , I 5. 55 F Nef AbFH (P<0.05) ; 1 T-H) i 5% iz
TTHR AR 5 BB HET B F, 1009%Nbs F1200%Nbs
AP R EAR T Nef b3 (P<0.05) . B TH WAL
R LB, T s R 2B TS TR
4, 509%Nbs b P i 2 5 T H A A 40P, 24 19.96%
2.3 HERAB kX /INE SR RN

15 Nef b BRAH H , i B VA VRO 2R 1 /N 22 T A RS
I ) 390 1 A 5 A OB AR R T T R A TR AR A
A TN (= 8) , It H, Bl 45 TR B A AL IE &L EL il iy
S, #P AR BE T b, 2009% Nbs b PR 7 5 L 43
WK 12.27 min . 32.92% .48.29 mL 1 14.90% ., 44b3H

®7 FERBRI/NEM_EFRT Y B E R EEIE 8 R0

Table 7 Effects of biogas slurry application on dry matter accumulation and transportation of wheat

e Mgt o LA E R b MRE TR TR Ttz
SVEEIIE ST R E R HhE E e TR % B %% DUk /%
Nef 0.44+0.01c 5.12+0.37¢ 5.99+0.51c 5.63+0.39a 73.92+4.11a 17.11+1.27b 26.08+2.21a
30%Nbs 0.45+0.03bc 5.20+0.35b¢ 5.78+0.49¢ 5.80+0.45a 73.94+5.28a 17.77+£1.01b 26.06+2.19a
50%Nbs 0.51+0.01a 5.12+0.43¢ 6.07+0.52¢ 7.51£0.53a 76.11+6.01a 19.96+1.31a 23.89+1.99ab
70%Nbs 0.48+0.03ab 5.62+0.38abc 6.20+0.50¢ 7.19+0.49a 76.07+5.93a 18.23+1.41ab 23.93+2.07ab
100%Nbs 0.43+0.01c 5.86+0.41ab 7.47+0.47b 7.08+0.32a 77.68+6.30a 14.57+1.12¢ 22.32+2.09b
2009%Nbs 0.35+0.02d 6.29+0.45a 9.55+0.49a 6.20+0.41a 78.73+7.15a 10.19+0.72d 21.27+1.87b
=8 ERABRXNE BRI
Table 8 Effects of biogas slurry application on winter wheat quality
Qb3 KPR KPR H /gL I AR E B ) /min DRV AT 7 5 e/ % TR B /m L AFRLEE 1155 4/ %
Nef 60.21+5.52a 775.27+50.15a 10.01+0.82b 28.53+2.08b 41.17+2.55b 13.09+0.99b
30%Nbs 60.43+5.21a 778.38+52.81a 10.25+0.79h 28.83+2.11b 44.69+3.47ab 13.25+0.83ab
50%Nbs 60.57+4.87a 773.24+49.99a 10.03+0.77b 28.51+1.99b 44.98+3.58ab 13.75+1.04ab
70%Nbs 60.91£5.01a 769.25+47.25a 10.93+0.80ab 29.99+2.03ab 46.00+3.06ab 13.52+0.97ab
100%Nbs 61.52+5.12a 762.25+53.16a 11.70+0.74a 30.42+1.89ab 46.51+2.99ab 13.84+0.93ab
200%Nbs 62.70+4.98a 765.82+50.22a 12.27+0.73a 32.92+2.13a 48.29+4.18a 14.90+0.95a
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TR W AR I L B ) 8 2o 509% B, B8R T4 i
R R A s i (O, (H AR 2 2 i 3T
YA R R BB (RT) . BB
TERE R LBl — 2 22 5, N O eSS 2 5 )5
HA DT M S0 T IO )RR A A ™ R S T Rk
B TR, BB BN /T . A4 B
TR VR S B3 0, /N2 S (R B S 2 L B A
AR AT B BEN R .
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PIAhBETE W R H ) A I A0 VR R ZEAE VR 27
WWHE AR ENBER . AHFREH, 5
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Table 9 Effects of biogas slurry application on the contents of heavy metal in wheat grain(mg-kg™")

Ab B Cu Zn Cr Ph As

Nef 4.998+0.453b 14.795+1.154c¢ 0.028+0.001a 0.803+0.074a 0.079+0.004a 0.013+0.001a
30%Nbs 5.115+0.512ab 14.958+1.208c¢ 0.025+0.001b 0.752+0.053ab 0.081+0.003a 0.014+0.001a
50%Nbs 5.258+0.421ab 16.723+1.211bc 0.025+0.001b 0.768+0.051a 0.083+0.002a 0.014+0.001a
70%Nbs 5.228+0.372ab 15.223+1.138c¢ 0.024+0.001b 0.743+0.071ab 0.083+0.002a 0.014+0.001a
1009%Nbs 5.820+0.479a 18.198+1.245h 0.020+0.001¢ 0.653+0.032b 0.084+0.003a 0.015+0.001a
2009%Nbs 5.896+0.464a 20.916+1.312a 0.019+0.001¢ 0.661+0.057b 0.084+0.003a 0.015+0.001a
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