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Effect of fertigation on apple production in different ecological-regions orchards
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Abstract In order to explore the effects of fertigation on ‘Fuji’ apple production in different ecological regions of Shaanxi Province,
two field experiments (each with three treatments) were conducted simultaneously in Weibei Dry-land and Guanzhong Plain. The
treatments consisted of conventional fertilization treatment [NPK(C)] and fertigation treatment [NPK(F)] using the same fertilizer
rates as the conventional treatment, and half-dose fertigation treatment [1/2NPK(F)] using 50% of fertilizer rates of the conventional
treatment. The yield, fruit quality, fruit nutrient uptake, fertilizer utilization and economic benefits of apple were then determined and
evaluated. The results showed that due to the differences in ecological conditions, soil types and fertility levels of orchards in
different ecological regions, the fertigation effects on apple production were obviously distinct. In contrast with NPK(C) treatment,
NPK(F) treatment increased apple yield by 13.0%, fruit firmness by 10.6%, sugar acid ratio by 19.1%, and apple fruit uptake of N, P
and K nutrients respectively by 36.0%, 75.3% and 44.8% in apple orchards in Weibei dry-land. In addition, partial factor productivity
(PFP) increased from 18.2 kg-kg ™' to 36.3 kg-kg ' under NPK(F). However, no significant increases were noted in apple yield, fruit
quality and fruit nutrient uptake under 1/2NPK(F) treatment in Weibei Dry-land. In orchards in Guanzhong Plain, apple yield under
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1/2NPK(F) treatment increased by 26.2% and apple fruit uptake of N, P and K nutrients increased respectively by 41.8%, 98.9% and
58.9%, compared those under NPK(C) treatment. Meanwhile, PFP increased from 27.2 kgkg' to 68.7 kgkg™'. However, the
increment in apple yield under NPK(F) treatment was merely 14.1%, the changes in fruit nutrients uptake were insignificant. As for
the economic benefits, in comparison with NPK(C) treatment, NPK(F) treatment enhanced economic benefits by 15 500 Yuan-hm >
for orchards in Weibei Dry-land and 36 500 Yuan-hm > for orchards in Guanzhong Plain. Economic benefits under 1/2NPK(F)
treatment were increased by 2 100 Yuan-hm? for orchards in Weibei Dry-land and 72 800 Yuan-hm for orchards in Guanzhong Plain,
compared with those under NPK(C) treatment. In conclusion, fertigation management significantly increased yield and fruit quality
of apple orchards in different ecological regions in Shaanxi Province. However, the effectiveness of fertigation management differed
apparently due to differences in ecological conditions in different regions. Therefore, the use of optimal fertilizer application rates in
fertigation management was strongly recommended. The specific conditions of orchards formed the basis of optimal fertilizer
application rates for high yields, fruit qualities, fertilizer use efficiencies and economic benefits.

Keywords Shaanxi Province; Ecological region; Fertigation; Fruit yield and quality; Nutrient uptake; Economic benefit
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[1]
! ’ 1 M5
[2]’ , ’ 1.1
’ i (109.55°E, 35.14°N), 850 m,
, 10.5 °C, 540 mm, =10C
; i 2 800~4 050 °C, ,
, , 0.3 hm’, ‘ ’,
, (Malus micromalus. Makino), 8 a,
35mx25m ¥, :
(3-51 8.0 g'kg ™, 40 mg'kg ™', 19 mg-kg ™,
, (451 112 mg'kg™
, (671 (107.42°E, 34.64°N), 815 m, 12.5 C,
(7-10] , 650 mm, =10 C 4 100~
; 4300 °C,
88%~90%>71, 30%~50%>1%, 0.8 hm?, ‘ ',
80%!'! , , 10 a, 3mx2m ,
15.6%!", 35%!3, : 12.5 gkg ™, 65 mgkg ™,
N , [14-1€] , 38 mg-kg ™, 187 mg-kg™
1.2
(7 18] 2010 9 —2011 11
, , [4,8-9] [3-7] ‘ 5 '
, ( D 3 ,
, 6 , 3,
‘ ’ , : NPK NPK 1/2NPK
, NPK(C)

, NPK(F) 1/2NPK(F), “C” convention s



1 1283
“F”  fertigation NPK NPK 58~75L- 7' 100~130L- ',
, 1/2NPK
NPK(F) ( N46%) ,
1/2NPK(F) , ( P05 52%, K,O 34%),
, , ( K,0 60%)
( , ( N46%) ( P,0512%)
0.5m ) ( K,060%),
( ,
) , (NPK 4 : (10 15 ,20%)
1/2NPK ) ( 4 15, 30%) (6 10
, 30 7 20 , 20%) ,
( I m
) ,
*1 TERLERERMBAZE
Table 1  Fertilizer rates of different treatments
Fertilizer rate (kg-tree™")
Treatment Code N P,0s K,0
NPK NPK conventional fertilization NPK(C) 0.6 0.24 0.30
NPK NPK fertigation NPK(F) 0.6 0.24 0.30
1/2 NPK 1/2NPK fertigation 1/2 NPK(F) 03 0.12 0.15
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07 O L5455 Weibei Dry-land F2 KB—FEUHARESXERREERFRERE
s0r m G Guanzhong Plain A
70} b Table 2 Effect of fertigation on fruit shape index and single
E 60 F fruit weight of apple in different ecological regions
% 50¢ Weibei Dry-land Guanzhong Plain
=40t
EE‘H 30+ Treatment  priit shape  Mean fruit  Fruit shape  Mean fruit
20} index weight (g) index weight (g)
10+ NPK(C) 0.84a 175.2a 0.81a 405.7a
0 . . NPK(F) 0.89a 189.1a 0.88a 397.1a
NPK(C) NPK(F) 1/2NPK(F)
LM Treatment 1/2NPK(F) 0.87a 180.8a 0.78a 419.9a
100 ; = / (VIH);
1 KEE—RUX B RERMXPEREXREER 0.05 : Fruit grading is
e N based on 100 apple sample. Fruit shape index = vertical diameter/
Fig. 1 Effect of fertigation on apple yield in the orchards in horizontal diameter; Different letters in the same line mean significant
o . difference at P < 0.05.
Weibei Dry-land and Guanzhong Plain
0.05 s Different letters above the bars indicate
significant difference among different treatments in the same ecological s s
region (P < 0.05). The same below.
(2
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Fig. 2 Effect of fertigation on fruit grading of apple in the orchards in Weibei Dry-land (A) and Guanzhong Plain (B)
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Table 3  Effect of fertigation on fruit quality of apple in the orchards in different ecological regions

C
Ecological Treatment Hardness Titratable acids ~ Soluble sugar Sugar acid Soluble solid Ve
region (kgrem™) (%) (%) ratio (S/A) (%) (mg-100g™)
NPK(C) 11.3b 0.36a 13.74a 38.21b 14.47a 10.53b
D\?/ye_llzi‘d NPK(F) 12.5a 0.30ab 13.50a 45.52a 14.60a 10.96b
1/2NPK(F) 11.8ab 0.28b 12.92ab 46.82a 14.87a 13.86a
NPK(C) 10.1a 0.39% 10.81a 27.51b 12.67a 12.40a
G“i‘f{;ﬁl"“g NPK(F) 11.2a 0.43a 10.62a 24.50b 12.10a 12.74a
1/2NPK(F) 10.5a 0.33b 10.60a 32.16a 12.73a 11.82a
~ 125 240
T 1250 A" 04N Total N a B
= m 4P Total P 200+ a
2100r  m%K Total K ab
g = be 160 | a
X5 b
xE 75 b al b
& & 120f b
B2 50t
gﬁj g ab a ab 80
£ 257 401 b 2
2 be a b b
Z 0
NPK(C) NPK(F) 1/2NPK(F) NPK(C) NPK(F) 1/2NPK (F)
AbFR Treatment

3 KB—FEEBIRERXQMAFFRERXMB)RERE N, P K F 5 RITHI G
Fig. 3 Effect of fertigation on N, P and K nutrient uptake by apple fruits in Weibei Dry-land (A) and Guanzhong Plain (B)
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PFP s Fig. 4 Effect of fertigation on partial factor productivity (PFP)
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Table 4 Effect of fertigation on economic benefits of apple production in different ecological regions

Weibei Dry-land Guanzhong Plain
Item
NPK(F) 1/2NPK(F) NPK(F) 1/2NPK(F)
NPK N 0 342.0 0 495.0
Fertilizer reduction compared with NPK(C) P,0s 0 136.8 0 198.0
I
(kg'hm ) K20 0 171.0 0 475
. . . . " 5 0 0.36 0 0.53
Increment of economic benefits caused by fertilizers reduction (10" Yuan-hm™)
NPK
. . 5 3.10 —-0.30 7.30 13.50
Increment of apple production compared with NPK(C) (t-hm™")
. L 4 5 1.55 —-0.15 3.65 6.75
Increment of economic benefits caused by production increment (10” Yuan-hm™)
NPK
. . . 4 > 1.55 0.21 3.65 7.28
Total increment of economic benefits compared with NPK(C) (10" Yuan-hm ™)
s , N
P,0s K0 52 kg 41 kg 7.6 kg , 50 kg

Due to different cultivating density of apple in the orchards of Weibei Dry-land and Guanzhong Plain, the saved fertilizer amount is also different. The
prices of 5.2 Yuan-kg’I for N, 4.1 Yuan~kg’1 for P,Osand 7.6 Yuan-kg’] for K,O were used to calculate the economical benefits enhancement caused
by fertilizer reduction. The apple price of 5.0 Yuan-kg™' was used to calculate the economical benefits enhancement caused by production increase.
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b 9 PFP 9 b
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