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Effects of manure application on yield and quality of Red Globe
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Abstract: [ Objectives ] This study was to quantify the effects of manure application on yield and quality of
grape and on the soil environment, to provide theoretical basis for rational manuring in grape production.

[ Methods ] A 4-years field experiment was conducted in Huailai National Grape Demonstration Base in
Zhangjiakou, Hebei Province. The tested grape was the 13-year-old Red Globe, and six treatments were designed
as: conventional fertilization (CK), chemical fertilizer (NPK), manure 9 t/hm’ (M), chemical fertilizer + manure
7.5 t/ham® (M1NPK), chemical fertilizer + manure 15 t/hm’ (M2NPK), and chemical fertilizer + manure 45 t/hm’
(M3NPK). The yield, quality and heavy metal contents in grape fruit were measured. The nitrate nitrogen,
microbial biomass carbon and nitrogen, and heavy metal contents in soil were determined. The years for reaching

the heavy metal limits in vineyard soil were estimated. [ Results ] Compared with NPK treatment, M treatment
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significantly increased the grape yield, and the highest average yield of the four years was obtained in M2NPK
treatment, which was 21503 kg/hm’ and 14% higher than that in the CK. The fruit V¢ content in M2NPK
treatment was also the highest, which was averaged 14.25 mg/100 g and significantly higher than that of the CK
during 2010-2013 (P < 0.001). There were no significant differences in 100-fruit-weight, pH value, soluble
solids and titrable acid contents and solid acid ratio among the treatments. In the M2NPK treatment after fruit
harvest, the accumulation of nitrate in 0-20 cm and 20—40 cm soil layers were decreased in M2NPK treatment,
while the soil microbial biomass carbon and nitrogen contents were significantly higher than those in CK. After
4-years continuous manure application, the contents of Cr, Cd, As, Pb, Hg, Cu and Zn in both grape fruits and
soils were lower than the upper limits, however, they showed a linear and quadratic increasing trend with the
increase of the organic manure application rate. Thereafter the M3NPK treatment would be the fastest one to
accumulate soil heavy metal beyond the limits of pollution. [ Conclusions ] Application of 15 t/hm® of chicken
manure combined with NPK fertilizers could produce high yield and good quality of grapes, low accumulation of
nitrate nitrogen in surface and subsurface soil layers, and increase soil microbial carbon and nitrogen contents.
The content of heavy metals in grape fruits and orchard soil is not beyond the limit in M2NPK treatment. Heavy
application of manures will not produce further improvement in yield and quality of grapes, but lead to fast heavy
metal accumulation in orchard soil under the tested experimental condition.
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Table 1 The physical and chemical properties of vineyard soil

SO N e $7 ] 3
+Jz AL NN NO--N G A A FURLALIL CRIHR) (%)
Soil layer oM pH ‘T > Avail. P Avail. K Bulk density Particle composition
" (mg/kg)  (mg/kg) K " Jom? i _ _
(cm) (gke) (mg/kg) (mg/kg) (g/em®) gk Sand Bk Silt Kk Clay
0—20 17.9 8.2 29 11.3 49.6 268 1.4 74.5 16.8 8.8
20—40 12.5 8.2 1.9 11.1 11.1 247 1.5 77.1 12.6 10.4
40—60 11.6 8.3 2.7 9.7 9.0 173 1.5 79.4 9.2 11.4
60—80 9.9 8.3 1.8 10.8 5.6 122 1.3 82.4 7.3 10.3
80—100 7.2 8.4 2.7 8.9 3.7 95 1.3 80.5 9.4 10.1
F2 HABER 020cm TELEELEEMEE (mg/ky)
Table 2 Heavy metal contents in tested chicken manure and 0-20 cm soil layer
WiH Item cd Pb Cr As Hg Cu Zn
PEEN
. 0.17 8.23 5.60 1.44 0.33 31.00 120.00
Chicken manure
1% Soil 0.13 21.70 48.40 6.94 — 28.83 70.13
®3 BEANEBHSLERNFERFHIRANE (kg/hm’)
Table 3 Type and rate of fertilizers in four application periods in each treatment
— _ . P
s Rl FF £ (25 % AT Total
Treatment After harvest Before blooming Expand stage Coloring stage N P,O. K0
CK AC750 + U750 + M22500 CF750 + DP750 + M33750 U750 2232 1659 1736
NPK CFo683 U360 CF450 CF300 + KS244.5 330 308 420
M M9000 M6000 330 308 420
MINPK U33 +M7500 U285 CF150 CF150 + KS357 330 308 420
M2NPK U33 + M15000 U285 CF150 CF150 + KS357 495 468 630
M3NPK U33 + M45000 U285 CF150 CF150 + KS357 1155 1083 1470

i (Note) : AC—iE% Ammonium bicarbonate; U—JR % Urea; M—F HLAE Chicken manure; CF—& 4 I Compound fertilizer; DP—# —
# Diammonium phosphate; KS—#iR#] Potassium sulfate; K5 F 5L 5407 FiZ I ELE H 5 The numbers after the capital letters are the
application rates of the fertilizers (kg/hm?).
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Table 4 Annual grape yield and yield increase of fertilization treatments

2010 2011 2012 2013 -5 Average
3 PRCOHPE PR OEPE R MR PR PR PR B
Treatment Yield Increase Yield Increase Yield Increase Yield Increase Yield Increase
(kghm?) (%) (kghm?) (%) (kghm?) (%) (kghm?) (%) (kghm?) (%)
CK 14880 + 750 ab 204751140 b 24120 + 4620 ab 16095 +270 ¢ 18893 £4233 b
NPK 10080 + 480 d -32  16965+975d -17 17115+ 1440d 29 14475+£360e  —10 14659 £3284d 22
M 11520+ 720 ¢ —23  18885+270¢ -8 18315+1365¢ —24 15360 + 720 d -5 16020 £3374¢  —15
MINPK  13275+£270b -11  20475+735b 0 22560+ 1455b 6 18000+ 720 b 12 18578 £3396b 2
M2NPK  15435+900 a 4 23205+495a 13 25845 +2040 a 7 21525+765a 34 21503 +4419a 14
M3NPK 15270+ 840 a 3 21915+495a 7 24315+ 1365 a 1 21360 + 960 a 33 20715 +3950 a 10

# (Note) : [EFVEUEEAFR/NG FHREFRRACPRE] 22 573K 5% 1.3 7KF Values followed by different small letters in the same column mean

significant differente among treatments at the 5% level.
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Table 5 Grape quality under different fertilization treatments from 2010 to 2013
Ab3 R (kg) FEEEEY) (%) Ve FIEERR (%) AR L
Treatment 100-berry weight Soluble solid pH (mg/100g) Titratable acid Solid acid ratio
2010
CK 0.88 +0.04 be 145+05a 3.49+0.06a 15.64+0.12b 0.43+0.10a 33.72+3.65a
NPK 0.92 +0.04 ab 148+05a 3.59+0.13a 15.81+0.99 ab 0.52+0.08 a 28.79+548a
M 0.97+0.03a 154+05a 3.58+0.05a 16.29+0.87a 0.55+0.03a 27.93+0.54a
MINPK 0.89 +0.03 be 151+0.7a 3.55+0.13a 16.67+0.36a 0.54+0.07a 284+436a
M2NPK 0.84+0.02 ¢ 149+0.7a 3.62+0.06 a 17.42+0.50 a 0.55+0.10a 27.6+3.89a
M3NPK 0.88 +0.01 be 152+03a 3.69+0.16a 16.19 +0.76 ab 0.57+0.08 a 27.05+3.76a
2011
CK 1.07+0.13 a 153+06a 347+0.08a 12.40 +£0.10 ab 0.53+0.01a 2887+1.1a
NPK 1.15+0.01 a 157+05a 3.56+0.18a 12.18+0.20 b 0.58+0.06 a 27.47+340a
M 1.13+0.03 a 16.0+04a 3.51+0.09a 12.40 +0.10 ab 0.61+0.04a 2630+221a
MINPK 1.08 +£0.04 a 15.8+0.0a 3.67+0.15a 12.57+0.06 a 0.56+0.02a 2837+ 1.06a
M2NPK 1.17+0.05a 150+03a 3.64+0.17a 12.72+0.14 a 0.58+0.02 a 25.67+1.00a
M3NPK 1.12+0.04 a 157+02a 3.69+0.10a 12.24+0.14 be 0.59+0.05a 26.50+2.26a
2012
CK 1.03+0.05 be 158+13a 3.70+0.07 a 1436 +0.29d 0.54+0.01b 29.28+2.46a
NPK 1.12+0.02 ab 162+02a 379+0.12a 14.84+0.80 ¢ 0.58 +0.05 ab 28.03+2.12 ab
M 1.08 + 0.06 abc 15.8+0.6a 373+0.12a 15.43 +0.51 ab 0.61+0.05a 26.03+£2.79b
MINPK 1.14+£0.01 a 163+0.1a 3.81+0.05a 15.01+£0.84 b 0.58 +0.02 ab 28.05+0.76 ab
M2NPK 1.08 £ 0.01 abc 15.6+05a 3.80+0.04a 15.95+0.59 a 0.60 +0.04 a 25.94+127b
M3NPK 1.02+0.09 ¢ 157+02a 3.70+0.10a 1497+ 1.33b 0.60+0.02 a 2598+1.28b
2013
CK 1.10+£0.03 b 152+08a 325+0.14 ¢ 9.66+0.13d 0.51+£0.01b 29.71+1.60 a
NPK 1.13+0.01 ab 152+03a 3.41+0.10 abc 9.97+0.18 ¢ 0.56 £ 0.06 ab 27.27 +2.78 ab
M 1.12+0.01 ab 145+03a 3.29+0.09 be 10.40+0.12b 0.60 +0.04 a 24.50+2.39b
MINPK 1.11+0.03 ab 141+1.0a 3.43+0.15ab 10.40+031b 0.54 +0.02 ab 26.06 +1.75 ab
M2NPK 1.14+0.01 a 144+10a 3.50+0.08a 10.90+£0.07 a 0.59+0.01a 25.28+2.25ab
M3NPK 1.14+0.01 ab 14.0+08a 3.54+0.04a 10.36 £0.24 b 0.58+0.04 a 2423+3.03b
# (Note) : [FFVEUEEAFR/NG FHEFR/RAPRE] 22 79K 5% 1.3 7KF Values followed by different small letters in the same column mean

significant defference among treatments at the 5% level.
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Fig. 1 Nitrate contents in 0-100 cm soil layer from 2011 to 2013
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Table 6 Soil microbial carbon and nitrogen contents under different fertilization treatments

¥ Wk Microbial biomass C

W1 & Microbial biomass N

Ab3g

Treatment 0—20 cm 20—40 cm 0—20 cm 20—40 cm

CK 166.52 + 14.55 be 142.87+11.91 b 46.61 +2.06 be 42.85+2.86b
NPK 60.45+6.17 d 39.00+ 4.68 ¢ 16.94 +2.75d 13.66 +2.36 d
M 135.74 £ 11.69 ¢ 14112+ 11.69 b 36.75+3.80 ¢ 31244287 ¢
MINPK 176.97 + 13.74 b 162.05+ 12.59 b 51.25+£528b 4424+3.13 b
M2NPK 339.58 +20.09 a 320.45+19.69 a 99.87 570 a 98.90 £3.87a
M3NPK 337.81£20.61a 348.97+21.62a 99.39+431a 94.00+3.56

# (Note) : [EFVEUEEAFR/NG FHREFRRACPRE] 22 573K 5% 1.3 7KF Values followed by different small letters in the same column mean

significance among treatments at 5% level.
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Fig. 2 Heavy metal accumulation in grapes as affected by manure application rates
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Table 7 Years required for heavy metals reaching the limit in vineyard soil

AbFH Treatment Cr Cd As Pb Zn Cu Hg
MINPK 1152 140 129 135 470 — 363
M2NPK 550 112 69 130 405 — 265
M3NPK 403 70 46 113 309 — 263
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