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Effects of nitrogen regulation on fruit quality of long-term
sand-covered apple orchard in Jingning, Gansu Province
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Abstract ;: The objectives of this experiment were to explore the appropriate amount of nitrogen application un-
der different tillage methods for apples in dry land and to study the effects of different nitrogen levels on fruit quality
in order to provide the basis for accurate nitrogen application. The split-plot experiment design method was adopted
in the long-term sand-covered apple orchard on the Loess Plateau. The main test area was sand-covered (SM) and
clear tillage (CT), and five nitrogen levels were applied in the test secondary area. The nitrogen application rates
of each apple trees were 0 (N1), 109 ¢ (N2), 218 ¢ (N3), 327 ¢ (N4) and 436 g (N5) respectively while the
equal amounts of phosphorus (P,0,, 145 ¢g), potassium (K,O, 87 g) and commercial organic fertilizer 6.5 kg
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were applied. (1) The fruit weight, vertical and horizontal diameter, firmness and soluble solid content were signif-
icantly increased in the sand-covered orchard. Compared with clear tillage, the average increase was 15.3%,
4.1%, 5.6%, 3.5% and 1.8%, respectively. The fruit coloration was improved with brighter and redder fruits. The
values of A # | C* and FCI on the shady side of fruit were increased by 55.1%, 18.5% and 15.1% more than that
of clear tillage, respectively. (2) With the increase of nitrogen application rate, the fruit weight and vertical and
horizontal diameter were increased. The fruit shape index, soluble solids, total sugar and Ve contents showed a
change trend of rising first and then falling. The hardness in the fruit sunny side was decreased. An appropriate sup-
ply of nitrogen promoted the fruit shape index increased and the improvement of contents of the total sugar, organic
acid and Ve and the soluble solids in the sunny side of apple. According to the comprehensive analysis, the fruit
quality was the best when N application rate was N3(179.85 kg - hm™). (3) Sand covering maintained the fruit
hardness and soluble solid content at the storage stage. It also maintained the chroma of fruit shady side, and in-
creased FCI index. The degree and change regularity of fruit quality in storage were different with different tillage
methods and nitrogen application rates. After 90 days of cold storage, the total sugar content of the fruit was signifi-
cantly increased by 2.47 ~3.29 times while the contents of V¢ and organic acids were significantly decreased by
55.7% ~82.7% and 18.2% ~50.3% , respectively as comparing with the clean orchard. Low temperature storage
weakened the effects of nitrogen application rate and tillage method on organic acid, Ve content and shade hardness
of fruits. Sand mulching in orchard significantly improved fruit quality. The appropriate nitrogen application was bene-

ficial to fruit quality. The optimal N application rate of a tree was 218 g « plant™ in the dry area of Loess Plateau.

Keywords ; nitrogen level ;apple quality ;fruit surface color;sand mulching for a long time
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Fig.1 Average apple single fruit weight of different treatments
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Fig.5 Hardness of the sunny side of apple under different treatment
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Fig.8 Soluble solid content of the sunny side of apple under different treatment
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Fig.9 Soluble solid content of the dark side of apple under different treatment
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Table 2 Changes of total sugar, organic acid and Ve content in apple under different treatment

pusil

S Fruit maturity

KJ5 90 d Postharvest 90 d

Treatment A/ (mg + g™') AHLFR/ (mg - 100g7") Ve B/ (mg - g7') AHLER (mg - 100g7") Ve
Total sugar Organic acids /(mg - 100g™") Total sugar Organic acids /(mg - 100g™")
SM1 220.43+12.85¢ 1.32+0.07d 31.82+4.65d 575.43+12.56f 1.08+0.07bc 6.90+0.58de
CT1 217.00+10.86¢d 1.71+0.09abc 27.98+9.91d 535.89+19.19¢ 0.85+0.09d 6.52+1.44e
SM2 216.66+14.84cd 1.51+0.16abcd 36.52+1.33cd 713.06+12.94bc 0.80+0.02de 9.59+0.88¢
CT2 220.43+18.03¢ 1.74+0.22ab 32.20+3.45d 650.07+8.16e 0.90+0.03d 5.56+0.88e
SM3 247.65+6.91a 1.63+0.13abc 53.28+4.65a 742.64+25.01a 1.17+0.06ab 14.95+1.73a
CT3 195.04£10.18d 1.80+0.26a 34.95+1.15¢d 640.32+17.28e 1.11£0.02ab 11.65+1.20b
SM4 256.12+5.32a 1.65+0.08abc 49.07+5.90ab 734.49+2.40ab 1.21£0.06a 12.63+1.00ab
CT4 244.68+19.13ab 1.45+0.14bed 42.17+1.76bc 683.18+17.28d 1.13+0.03ab 11.69+1.20b
SM5 233.24+11.55abe 1.78+0.21a 47.53+4.79ab 690.73+13.26¢d 1.22+0.04a 16.29+0.88a
CT5 223.86+9.84bc 1.43+0.08cd 33.73+2.39cd 706.42+16.62cd 1.14+0.12ab 14.95+0.58a




55 4 3 X/ B3 2 SR VREEXT H A T AU BT VD S SR Pl SRS ST R 131

FHTE Lo Al b = (HAEF 2B S HMAHZE AR, W a = [ MBS, W b« EI S EER R, (R
ax [HASREEE/DNTIAmE, XTSI, R W@ B LU a5 T AS [ A 15 15 it 0 5% 52 B P
AR 180 d Ji , ARIFHES X BHmE A PH I AL = A1 RN ESR,

%3 FARABHEAXTHRAPERBETL

Table 3 Variation of apple chromaticity at harvest time under different tillage methods

ehr WiH FHT Sunny side of fruit BAT Dark side of fruit
Index Ttem SM CT SM CT
HJ{E Mean value 45.08+4.05Bc 49.51+2.77Bc 61.07+6.01Ab 67.62+6.02Aa
L #x/ME Minimum value 37.34 44.70 55.63 59.04
5 K{H Maximum value 51.93 54.21 76.08 82.52
A5 2 Z U Coefficient of variation/% 8.99 5.60 9.84 8.90
HI{E Mean value 36.33+2.33Aa 35.08+2.51Aa 23.88+7.82Bb 15.40+9.05Cc
o #/ME Minimum value 32.84 30.88 5.81 -4.14
5 KA{H Maximum value 39.95 39.29 30.65 27.22
75 5 ZHL Coefficient of variation/ % 6.41 7.15 32.75 58.77
(. Mean value 11.54+1.63Bc¢ 10.45+£2.13Bc¢ 16.45+2.69Ab 19.22+4.10Aa
b #/IME Minimum value 8.51 8.72 13.00 12.94
% K{E Maximum value 14.64 16.51 21.43 25.92
s S Z 8 Coefficient of variation/ % 14.16 20.41 16.33 21.32
C * 38.12+1.50Aa 36.61+0.35Aa 29.26+3.21Bb 24.69+1.22Bc
h° 17.61+£0.45Cc 16.59+1.73Cc 35.27+9.62Bb 51.46+4.90Aa
FCI 1.95+£0.07Aa 1.90+0.03Aa 1.60+0.14Bb 1.39+0.07Bc¢

TE  AR/NG TR 3R A B R] 22 57 .35 (P<0.05) , ANRIRE B3R A B IR) 22 54 2.3 (P<0.01) , R Il
Note: Different lowercase letters indicate significant difference at P<0.05 level; different capital letters indicate significant difference at P<0.01 lev-

el, the same below.

x4 ARHEAXTRE 180 d ERBEEN
Table 4 Apple chromaticity variation of postharvest 180 days under different tillage methods

ek i H BHTAT Sunny side of fruit BT Dark side of fruit
Index Ttem SM CT SM CT
HJ{E Mean value 42.47+3.21Bc 44.36+3.44Bc 57.64+5.02Ab 64.38+6.71Aa
L %/]ME Minimum value 35.63 38.74 48.85 51.40
I KMH Maximum value 48.28 51.67 67.11 74.24
75 G Z KL Coefficient of variation/ % 7.55 7.75 8.70 10.42
J{H Mean value 30.72+£2.62Aa 31.15+£2.75Aa 17.43+4.95Bb 11.54+6.80Bc
- #/ME Minimum value 24.93 25.29 9.56 2.09
5 K{H Maximum value 33.58 34.58 25.44 24.14
75 5 Z KL Coefficient of variation/ % 8.53 8.84 28.42 58.94
H4{H Mean value 17.50+2.52Bc¢ 18.13+3.78Bc¢ 27.64+4.46Ab 33.69+6.76Aa
- #x/IME Minimum value 13.54 12.30 21.00 20.94
i KAH Maximum value 22.81 25.89 34.02 42.17
A5 G Z KL Coefficient of variation/ % 14.40 20.87 16.12 20.05
C* 35.40+0.74Aa 36.06+2.27Aa 32.92+1.07Aa 35.87+2.60Aa
h° 29.69+3.31Bc¢ 30.09+2.81Bc¢ 57.59+8.50Ab 70.68+8.46Aa
FCI 1.93+0.06Aa 1.87£0.11Aa 1.36+0.16Bb 1.10£0.17Bc¢
3 B B Mo Ailg R, %%W)E%%%Tﬁ%ﬂ?ﬁﬁ
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