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Effects of bioactive agents on apple orchard in Eastern Gansu Area

HU Huatao, FEI Libin, DENG Mingjiang, WANG Yi, XU Xuefeng, HAN Zhenhai
(College of Horticulture, China Agricultural University, Beijing 100193, China)

Abstract: To explore the effects of applying bioactive agents on fertilizer use efficiency, an experiment on im-
proving the quality and efficiency of chemical fertilizer were carried out in apple orchards in eastern Gansu area for
2 years. The effects of reduced application of chemical fertilizer on orchard soil fertility, tree growth and develop-
ment, apple yield and quality were studied. Two treatments of conventional fertilization (CK) and conventional fer-
tilization combined with bioactive agents (B) were set up in Gl and G2 orchards in 2018., and G3 and G4 or-
chards were added in 2019. Treatments were as follows: conventional fertilization ( CK) , conventional fertilization
combined with bioactive agents (B) , 30% reduced application of chemical fertilizer combined with bioactive agents
(RB), and reduced application of chemical fertilizer 30% (R). The results showed that after the application of
bioactive agents (B) in 2018, the contents of soil total nitrogen and available phosphorus in G1 and G2 orchards
decreased, while the nitrogen content in leaves increased by 11.2% and 4.9%. Compared with the control group,
the flower bud quantity of the tree increased by 65% and 45% respectively, the titratable acid content of the fruit
decreased, and the fruit aroma increased. After reducing the application of chemical fertilizer by 30% (R), the pH
value of the soil was reduced, and the nitrogen content of leaves increased except G1 orchard, in which G2 and G3
increased by 6.9% and 12.9% , respectively. The yield of G1 and G3 orchards increased by 35.8% and 40.6% , re-
spectively, but it had a different effect on the young orchards with less fertilizer application. The results of 30% re-

duced application of chemical fertilizer combined with bioactive fertilizer showed that the content of soil total nitro-
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gen and available phosphorus decreased slightly except G4, and the leaf nitrogen content increased by 15.0%,

6.4% and 3.0% respectively except G2 orchard, and the performance of other trees was better than that of 30% re-

duced chemical fertilizer treatment (R). In summary, the application of bioactive agents in orchards in Longdong

area significantly promoted the flowering of young trees and improve the fruit aroma. Overall, the reduced applica-

tion of chemical fertilizer had no effect on the fruit quality of mature trees. Therefore, this management technology

should be selectively used in this area to achieve the purpose of reducing the application of chemical fertilizer and

increasing fertilizer utilization efficiency.

Keywords: apple;fertilizer reduction ; bioactive agents; soil nutrients ;iree growth; yield; quality
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Table 1 Basic information of orchard
TiH Item Gl G2 G3 G4
FRATHE Row spacing/m 3x4 2x4 3x4 2x4
W% Age/a 16 4 17 5
pH 7.89 8.43 7.76 7.74

2R/ (mg - kg™")

Total nitrogen

620 930 720 820

BAEE/ (mg - kg™)
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TR mg * Kg p N — " e e
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Table 2  Fertilization in orchard
_ e (AN FHUIEFIZE A HUEHEA &
O/r’%h d Tyoes f’piﬂﬂﬁ‘?;@ fertilizers Application amount of chemical Organic Application amount of organic
rehar ypes of chemical fertifizers fertilizer/ (kg + 667m™2) fertilizer type fertilizer/ (kg + 667m™2)
24 Compound fertilizer s
Gl (N=P,0,-K,0:16-16-16) 420 4% Sheep manure 280
SRt
G2 Compound fertilizer with irrigation 44 JG None 0
(N-P,05-K,0:30-10-10)
PR 2%+ R — 4+ B IR — U
Ureat+diammonium phosphate+ s
63 potassium dihydrogen phosphate 616 3% Sheep manure 360
(N-P,05-K,0:27-32-6)
A .
ca 2HE Compound fertilizer 249 3% Sheep manure 457

(N-P,0,-K,0:15-15-15)

38 N P05 K, 0 FRAP AN 1.31% ,1.03% ,2.40% %

Note : The nutrient contents of N, P,05 and K, O in sheep manure were 1.31%, 1.03% and 2.40% , respectively.
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Table 3 Effect of bioactive agents’ application on soil physical and chemical properties

BT Qb3 0 2%/ (mg + kg™") WA/ (mg - kg™ AREE/ (mg - kg™') R/ (mg - kg™)
Orchard  Treatment b Total nitrogen Alkaline nitrogen Avail. phosphorus Avail. potassium
Gl CK 8.35+0.15a 1052.6+82.2a 134.9+7.9a 170.3+42.7a 450.0+93.9a
B 8.47+0.02a 949.8+31.3a 100.89+4.20b 141.4+20.2a 431.4+16.8a
2 CK 8.49+0.01a 941.5+10.7a 79.6+2.3a 10.2+0.6a 170.8+6.6a
B 8.53+0.01a 891.5+3.7a 74.6+6.4a 8.1+0.6a 178.4+8.2a

T [l — SR AN A BRI B ARG FHRR 2257 35 (P<0.05) , T 1A,

Note ; Different lowercase letters indicate significant difference after the mean values of two treatments in the same orchard ( P <0.05). The

same below.
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indicates that there are significant differences among treatments ( P<0.05) ,the same below.
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Effects of bioactive agents’ application on tree growth and development



92 T2 XA A5 5540 %

R4 BIEEESEEEYE R L EEA R

Table 4  Effect of bioactive agents’ application and fertilizer reduction on soil physical and chemical properties

A A SR/ (mg - kg) ™ BFE/ (mg - keT) AR/ (mg - kgT')  HAMHN/ (mg - k")
pH
Orchard  Treatment Total nitrogen Alkaline nitrogen Avail. phosphorus Avail. potassium
CK 8.53+0.02a 802.4+115.0a 83.5+15.6a 32.7+11.9a 191.8+41.2a
cl B 8.53+0.04a 610.6+£133.8a 74.4£16.7a 20.4+9.0a 193.2+£57.8a
RB 8.35+0.07a 720.8+118.0a 75.6x11.7a 27.9+11.3a 202.5+45.0a
R 8.35+0.02b 686.7+110.4a 66.5+14.8a 25.4+10.2a 151.6+31.0a
CK 8.50+0.09a 849.2+39.6a 86.6+6.1a 10.7+1.7a 129.5+14.4a
2 B 8.61+0.05a 734.8+59.8a 78.2+6.4a 10.8+2.1a 88.8+4.8a
RB 8.66+0.03a 804.5+50.9a 79.6+7.8a 10.0+1.6a 121.9+12.2a
R 8.63+0.03a 822.0+27.5a 83.1+6.1a 11.2+1.3a 109.4£9.5a
CK 8.82+0.05a 708.9+88.0a 98.9+13.7a 52.2+10.1a 163.9+18.4a
c3 B 8.83+0.01a 806.0+32.7a 108.0+7.8a 63.1+8.5a 131.0£9.2a
RB 8.81+0.07a 834.6+96.6a 99.6+11.8a 78.3£13.2a 178.8+8.9a
R 8.75+0.04a 851.2+94.3a 97.5+7.3a 64.6+16.9a 189.7+23.9a
CK 9.04+0.06a 845.0+175.0a 76.3x13.1a 14.9+6.0a 97.7£16.0a
ca B 8.91+0.06a 746.3+62.2a 62.8+11.6a 8.1+£3.2a 80.3+5.7a
RB 8.87+0.01a 757.7+90.9a 63.9+11.1a 11.6+4.8a 84.4+12.1a
R 8.87+0.03a 734.7+72.1a 60.0+10.0a 8.9+3.5a 82.8+5.5a
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Fig.2 Effects of different treatments on the growth of apple tree
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Table 5 Effect of bioactive agents’ application and fertilizer reduction on fruit quality

—  WWEm OREmAR  IWEmaR o
L] b3 %ﬁi*‘aﬁﬁ RS AR S e Soluble sugar Titratable acid Ll H:
Fruit shape ; Pulp hardness . Sugar acid
Orchard  Treatment ind Fruit aroma S em™? Soluble solids content content "
maex (g em™) content/ (g - 100g™") /(g - 100g™") /(g - 100g™") rano
CK 0.80+0.06a 2.1+0.1¢ 366.51+29.92a 10.83+0.07a 21.06+0.23a 1.55+0.07a 13.56
c1 B 0.82+0.01a 2.7+0.1a 479.55+£26.72a 10.73+0.26a 19.36+0.51ab 1.21+£0.07¢ 16.00
RB 0.86+0.01a 2.6+0.2ab  439.47+47.97a 11.33+0.24a 17.93+1.29ab 1.40+0.07bc 12.82
R 0.86+0.01a 2.3+0.1c 427.47£47.97a 11.90£0.95a 19.54+0.70b 1.28+0.07ab 15.23
CK 0.87+0.01a 1.6+£0.2a 947.90+59.72a 15.00+0.47a 19.70+1.77a 1.52+0.03a 13.60
2 B 0.87+0.01a 1.6+0.2a 508.77+45.70c 14.87+0.64a 19.68+0.97a 1.21+0.08a 14.00
RB 0.86+0.01a 1.7£0.1a  540.03+38.05bc  15.80+0.06a 19.45+0.43a 1.37+0.08a 13.15
R 0.88+0.01a 1.5+0.2a 659.22+20.15b 15.37+0.17a 19.35+0.58a 1.21+0.06a 14.24
CK 0.83+0.01a 2.5+0.2a  441.13+£30.63ab  13.43+0.12b 18.19+0.20ab 1.54+0.09b 11.82
c3 B 0.84+0.02a 2.6+0.2a 406.04+24.39h 15.03+0.71a 21.63+0.33a 1.44+0.10b 15.04
RB 0.85+0.01a 2.6+0.2a 404.33+17.70b  14.63+0.18ab 17.76+0.98ab 1.88+0.04ab 9.43
R 0.87+0.01a 2.6+0.2a 475.35+£17.70a 15.33+0.15a 19.69+1.45b 1.54+0.09a 12.78
CK 0.86+0.01b 2.3+0.1bc  524.33+34.42a 15.27+1.17a 19.63+0.63a 1.66+0.08a 11.86
c4 B 0.89+0.01a 2.8+0.1a 532.81+30.31a 15.90+0.06a 19.66+0.90a 1.67+0.11a 11.81
RB 0.88+0.01ab 2.7+0.1ab  497.69+36.94a 15.27+0.95a 19.32+0.76a 1.75+0.22a 11.02
R 0.86+0.01b 2.2+0.2¢ 505.94+19.75a 15.60+0.15a 16.27+2.04b 1.40+0.15a 11.63
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Fig.3 Effect of bioactive agents’ application on apple tree for two consecutive years
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Table 6  Effect of hioactive agents’ application for two consecutive years on soil physical and chemical properties

i 1] Rb pg:t H 2%/ (mg - kg™") WA/ (mg - kg™ AREE/ (mg - kg™') R/ (mg - kg™)
Time Orchard Treatment P Total nitrogen Alkaline nitrogen Avail phosphorus Avail potassium
Gl CK 8.35+0.15a 1052.6+82.2a 134.9+7.9a 170.3+42.7a 450.0£93.9a
2018 4FERkZE B 8.47+0.02a 949.8+31.3a 100.89+4.20b 141.4+20.2a 431.4+16.8a
Autumn 2018 2 CK 8.49+0.01a 941.5+10.7a 79.6+2.3a 10.2+0.6a 170.8+6.6a
B 8.53+0.01a 891.5+3.7a 74.6+6.4a 8.1+0.6a 178.4+8.2a
Gl CK 8.53+0.02a 802.4+115.0a 83.5+15.6a 32.7+11.9a 191.8+41.2a
2019 4EfkZ B 8.53+0.04a 610.6+133.8a 74.4+16.7a 20.4+9.0a 193.2+57.8a
Autumn 2019 2 CK 8.50+0.09a 849.2+39.6a 86.6+6.1a 10.7+1.7a 129.5+14.4a
B 8.61+0.05a 734.8+59.8a 78.2+6.4a 10.8+2.1a 88.8+4.8a
®7 AREAENREFZHF0E
Table 7 Effects of different treatments on apple yield
BT pLEL HMRE/ g FRR =R kg 7P/ (kg - 667m72) PR %
Orchard Treatment Weight of single fruit Yield per tree Yield Yield increase
CK 217.15+7.66a 70.79+2.50b 3964.35
c1 B 229.14+7.03a 99.18+3.05a 5569.13 40.5
RB 239.05+9.66a 96.10+3.00a 4994.31 35.8
R 228.28+7.05a 89.18+2.77a 5381.49 26.0
CK 202.65+5.51b 8.18+0.29a 678.97
B 218.01+£9.91a 5.27+0.14a 437.31 -35.6
62 RB 218.47+14.12a 5.85+0.38a 452.38 -28.4
R 218.01+£9.91a 5.45+0.25a 485.96 -33.4
CK 266.39+4.61a 58.34+1.01a 3267.03
. B 262.11+6.12a 58.98+1.38a 3302.64 1.1
o3 RB 265.63+5.90a 58.60+1.30a 3236.69 0.4
R 258.49+5.60a 57.80+1.25a 3281.50 -0.9
CK 221.88+10.88b 5.06+0.25a 419.88
ca B 209.33+9.40b 4.69+0.21a 389.19 -7.3
RB 252.11+44.68a 7.11£0.33a 553.18 40.5
R 241.48+9.45a 6.67+0.26a 590.08 31.8
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