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Effects of different fertilizer and water treatments on sugar
metabolism and quality of Ruixianghong apple fruits

HU Yu', WANG Yuanji', HE Ying', FENG Yuchen',
JIA Rongjian', NING Ruiyuan', SHI Tao’, ZHAO Zhengyang'"
(1. College of Horticulture , Nortwest A&F University/Shaanxi Engineering Research Center of Apple, Yangling,
Shaanxi 712100, China; 2. Qingcheng Station of Apple Experiment and Demonstration, Qingcheng ,Gansu 745199, China)

Abstract: A five-year-old Ruixianghong apple was employed as the test object. The control treatment ( CK)
included only basic fertilizer, T1 treatment received three applications of N 0.34 kg + plant™, P,0, 0.20 kg -
plant™, and K,0 0.32 kg - plant™ in the months of March, June, and September based on the baseline fertilizer,
T2 was based on the fertilization of T1 treatment with 0.03 m’ per plant per fertilizing time, and T3 was irrigated
seven times at a rate of 0.03 m’ + plant™ on the assumption that only basal fertilizer was used during growth period.
N 0.34 kg -+ plant™, P,0,0.20 kg - plant™", and K,0 0.32 kg - plant™ were applied five times to T4 based on bas-
al fertilizer in March ( before germination) , April (before flowering) , May (after falling flower) , June (flower bud

differentiation) , and August (fruit expansion). Based on T4, T5 treatment increased irrigation by 0.03 m’ -
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plant™" per fertilization. To investigate the effects of various fertilizer and water treatments on soil nutrients, sugar
metabolism, and apple fruit quality, a total of six treatments were set up. The findings demonstrated that irrigation
throughout the growth phase improved single fruit mass and productivity while reducing fruit hardness under the
same fertilization conditions, and the single fruit weight and yield of T2 were the highest (235.93 g, 45 037.11 kg
- hm™). As irrigation increased, the amount of titratable acid and nitrogen in fruit dropped in comparison to CK
(T3), the decline was 14.85% and 21.29%, respectively. Fertilizer and irrigation applications raised the
pericarp’ s overall volatile matter concentration. When compared with CK, the total level of volatile matter in the
pericarp was considerably higher in T2, T3, T4, and TS. T3 treatment had the greatest total content of volatile com-
pounds. Fruit sweetness rose in response to T1 and T2 treatments, which were correlated with increased fructose and
elucose levels and sucrose synthase and acid invertase activity. Furthermore, fruits’ sorbitol dehydrogenase activity
was reduced by irrigation and fertilization. The fruit quality indicators of Ruixianghong were found to be affected by
six different fertilizer and water treatments, as shown by the comprehensive assessment indexes of subordinate func-
tion, which were as follows: T2>T1>T5>T3>T4>CK. In summary, the Ruixianghong apple generated more fruit and
had higher-quality fruit in arid places if a small amount of fertilizer and water was applied more frequently. Fruits with

moderate levels of fertilizer and water treatment contained more sugar and glucose. The T2 treatment had the highest yield

and fruit quality, making it an ideal option for fertilization when growing apples in arid regions.

Keywords: apple; fertilizer and water treatment; fruit quality; sugar metabolism
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1780 3 m, X503 6 DAL BE, CK. LK IS4 2
Rk 25t HEAE (A HLAE 15.00 kg - BRI +E SR 1.5
kg - BR71) AR EWIABALA T A EAE+3 6.9
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Table 1  Test settings of T1 and T2 treatments
T1 T2
B FOPAR (ke - ) e FAP B (kg - B s
ae T S T TR o e TR TR
Fertilization Nutrient application amount S Nutrient application amount S
period Irrigation Irrigation
N P,0; K0 AL /(- N P05 K,0 HHLE /(m* B
: Organic fertilizer ° Organic fertilizer
10 J October ~ 0.30 0.30 0.30 15.00 0.00 0.30 0.30 0.30 15.00 0.00
3 J1 March 0.10 0.05 0.05 0.00 0.00 0.10 0.05 0.05 0.00 0.03
6 J June 0.07 0.05 0.11 0.00 0.00 0.07 0.05 0.11 0.00 0.03
9 J1 September  0.17 0.10 0.16 0.00 0.00 0.17 0.10 0.16 0.00 0.03
3t Total 0.64 0.50 0.62 15.00 0.00 0.64 0.50 0.62 15.00 0.09
R2 CK.T3 EAERE
Table 2  Test settings of CK and T3 treatments
CK T3
BRI 0 FAMEARE (kg - BT L FOMEAR (kg - B L
Fertilization Nutrient application amount . Nutrient application amount TR
period - Irrigation - Irrigation
N P05 K0 AL /(wd BTN P05 K,0 AL /(md - B
® Organic fertilizer ‘ Organic fertilizer
10 A October ~ 0.30 0.30 0.30 15.00 0.00 0.30 0.30 0.30 15.00 0.00
3 A T 4] Late March 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
4 R4 Late April 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
5 JFA] Late May 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
6 H 4] Mid-June 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
7 A L] Early July 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
8, At 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
Mid-August
. o Hit 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
Mid—September
Bt Total 0.30 0.30 0.30 15.00 0.00 0.30 0.30 0.30 15.00 0.21
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Table 3  Test settings of T4 and TS treatments
T4 T5
it A s 441 FAAR (kg - ¥R N FAAR/ (kg - BETY) o
o ST HEWE e HEWE
Fertilization Nutrient application amount S Nutrient application amount S
period Irrigation Irrigation
N P,0; K,0 ﬁmﬂﬂ_ . /(m® - B N P,0; K,0 ﬁ,mﬂ_ ) /(m? - Bk
: Organic fertilizer ; Organic fertilizer
10 7 October ~ 0.300 0.300 0.300 15.000 0.000 0.300 0.300 0.300 15.000 0.000
3 A (BIZFRT)
March (before  0.134 0.040 0.032 0.000 0.000 0.134 0.040 0.032 0.000 0.030
germination )
4 H (FF4ERT)
April (before ~ 0.034 0.040 0.032 0.000 0.000 0.034 0.040 0.032 0.000 0.030
flowering)
57 (FEER)
May (after 0.102 0.040 0.032 0.000 0.000 0.102 0.040 0.032 0.000 0.030
falling flowers )
6 7 (FEZF k)
June (flower bud 0.034 0.040 0.096 0.000 0.000 0.034 0.040 0.096 0.000 0.030
differentiation )
8 A CRIEBIIN)
August 0.034 0.040 0.128 0.000 0.000 0.034 0.040 0.128 0.000 0.030
(fruit bulging)
Bt Total 0.640 0.500 0.620 15.000 0.000 0.640 0.500 0.620 15.000 0.150
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HEIR IR ;38 F SPSS 26.0 84 Bl it 47 7 22 5%
#r , 2% H Duncan £ 47 2 8 HL# (P<0.05)
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W e A R TR A B 5 i B (3R

4), RELWKEH 9 A) ,MHETF CK,T1 4 0~
40 em T2 HEELR G 20~40 em T2 144
S E N T2 AL 0~20 em + 2 HIEA P&
A SR B EWIN ;T T2 T4 403 40~ 60 cm
TR REAM SRR EN N, RIRBUE (11 1),
5 CK #HH, T1 . T2 ' T5 AbFE 0~20 cm +)2 HHEAHHL
FRA R E RN, T T2 4b 3 0~20 cm + /23S
Ao W, T4 A FH 20~40 em )2 A A
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N, 4 AT, AL FRE] 40 ~ 60 em )2 44
AU 2R TR EER, SO IS
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R4 AEEKSETEFSSESHEIN

Table 4 Effects of different fertilizer and water treatments on soil nutrient content

. - HHLF 245 e B
s, 7k]+ iE\JEq, . D j:E i T A.LI\EE Organic matter Total N Total P Total K
ampling period epth/cm reatment /(g - kg’l ) /(g kg’l ) /(g - kg’] ) /(g - kg’l )
N 0~20 31.41+2.01 1.71+0.36 1.18+0.02 18.95+0.02
AL P ) 20~40 19.85+0.58 1.0520.13 0.95+0.25 18.54£1.22
Before processing
40~ 60 9.92+0.48 0.54+0.10 0.81+0.18 18.39+0.89
CK 19.65+3.13bc 1.24+0.12bc 0.92+0.05ab 18.91+0.14a
Tl 26.40+0.81ab 1.65+0.09a 1.26+0.10a 19.16+0.33a
090 ™ 28.39+3.97a 1.82+0.06a 1.22+0.13ab 19.77+0.53a
T3 17.21+0.81¢ 1.55+0.13ab 1.05+0.08ab 18.86+0.93a
T4 23.06+0.09abc 1.68+0.03a 1.19+0.04ab 20.11+0.08a
T5 17.38+0.60c 1.21£0.01c¢ 0.90+0.10b 19.59+0.59a
CcK 9.09+0.04a 0.63+0.03bc 0.70+0.01b 18.46+0.01a
o Tl 9.07+0.88a 1.63+0.10a 3.37+0.29a 18.89+0.09a
iﬂi’j}fiiﬁiﬂi 2040 T 9.95+0.69a 0.93+0.19b 0.73+0.03b 19.69+0.31a
(September) T3 7.84+0.81a 0.52+0.05¢ 0.65+0.01b 18.35+0.94a
T4 7.85+0.49a 0.57+0.04c¢ 0.68+0.01b 19.98+0.23a
T5 8.13+0.61a 0.56+0.05¢ 0.67+0.01b 19.50+0.41a
CK 7.09+1.06a 0.460.04a 0.66+0.01a 17.94+0.22b
Tl 7.99+0.55a 0.71£0.21a 0.71+0.06a 19.51+0.47a
10-60 i) 8.27+0.34a 0.53+0.06a 0.65+0.01a 19.66+0.22a
T3 6.35+0.02a 0.47+0.02a 0.63+0.01a 18.41+0.67ab
T4 6.60+1.40a 0.48+0.09a 0.65+0.01a 19.360.01a
T5 5.87+0.34a 0.4120.03a 0.64+0.02a 19.13+0.08ab
CK 19.00+1.73¢d 0.84+0.05b 0.87+0.03a 19.57+0.14a
Tl 27.29+1.48ab 1.76+0.21a 1.08+0.01a 19.29+0.65ab
020 ™ 30.03+1.05a 1.84+0.08a 0.9410.01a 19.26+0.23ab
T3 15.35+0.58d 1.03+0.21b 0.91+0.18a 19.32+0.23ab
T4 23.27+2.53bc 1.53+0.19ab 1.25+0.32a 18.53+0.22ab
T5 24.81+1.24ab 1.33+0.29ab 1.05+0.17a 18.07+0.25b
CK 11.05£0.56ab 0.77+0.03a 0.74+0.02a 19.51+0.03a
RECRUA T1 11.42+0.42a 0.76+0.01ab 0.81+0.12a 19.09+0.35ab
(11 ) 2040 ™ 9.85+0.61ab 0.6420.05ab 0.71+0.05a 19.21+0.30ab
Fruit after harvest T3 8.73x1.50ab 0.57+0.12ab 0.66+0.03a 19.21+0.55ab
( November) T4 8.13+1.08b 0.55+0.04b 0.67+0.01a 18.46+0.08ab
T5 8.82+0.07ab 0.65+0.02ab 0.68+0.01a 18.19+0.18b
CK 6.57+0.52a 0.45+0.04a 0.65+0.03a 18.88+0.26ab
Tl 7.26+0.67a 0.49+0.02a 0.64+0.01a 19.38+0.43a
10-60 iVl 7.25+0.55a 0.49+0.03a 0.64+0.01a 18.74+0.05ab
T3 7.17+1.00a 0.460.07a 0.65+0.04a 17.87+0.36b
T4 7.12+0.98a 0.50+0.11a 0.66+0.05a 18.25+0.41ab
T5 6.65+0.51a 0.47+0.01a 0.65+0.01a 18.31+0.10ab

T [RISVA R NG T bR R A — b JZ A B E) 2 #%5 22 5% (P<0.05) . R,

Note : Different lowercase letters in the same column indicate significant differences among treatments in the same soil layer (P<0.05). The same below.
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RN B CK IR 2 R 29.24% 14.31% %8
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K (235.93 g) ;T2 A 3™ & 18 3% T H Al AL 2R %52
CK B EHEN 29.60% , FICAGHOEHE R LR 51
PRI AR, A R R Joit 5t ey, AN (] JES 7K Ak 342 )
FOICHRBIC 2 5, U6 A 56 A 7K b 3 51 5
FICARBIC R E 2, T5 43 L H 2% & T CK
552 bR KRR 13.70% 22.31% ;T5 23 o
HEREMT T1 5 T4 kb3, B0 55 5.86% 5.
10% ; #5 AL B[] b* {E IR E 25 ol WL, [R Rt hE
ZRAETR A AR 3 0 i 7K RT3 i R S AR R
LG o H, SAHEIRIOETEE R R
SOR/NEI T G 22 S, SRS Oy A4 Bt 2 A e

A,
23 ARRBKALEN WmEL RINEMEHN
A1

H e 6 TN, T Ab B T1 () SR S0 5 5 R
(8.78 kg - em™) , B CK ‘b 1IN 6.42% ; T2 AL FEY)
SRALTE RN, N 7.95 kg - em ™, T1.T3.T4.T5 4b
HAT R EDE W & B CK i 2 1 m, 8 Wy

1.54% ~4.88% , T3 AP AT 2 IR & ¢ CK 3
FAG, AR AR BRI JC 0 35 25 5 0 T1.T3 1 TS AbBEAY
R A G EE CK WL, B 18.11% ~
34.55%, 5 CK MLk, % 4b BRS040 5 it I 25 1%
1%, B 0E A 29.63% ~ 56.79% 5 45 HE 7K Ab B 7] 22 53 AR
B, SRR AR E 2T, 4R LI,
FEAHIRI AL 25 0T, M E 7K 23 AR SR 52 i 5 T2
5T HESCHE B B AR 9.45% ; 5 CK A 1L, HEf73E
JKARFE(T3) RS ] i R % e MR LA =
S REAR, BRI 20501 R 14.85%F1 21.29%
24 AREEAKLE HEL REIREESUR

SEMNIT

PR RS RS TS AR R LA R RS
FERFSY T, T3 b B i 5 2 TR 2 ) T
Poyven T H A b B 3% 0 53550 SR 56.62% ~ 203.35% |
33.72~226.06% (&l 2A .C) ; CK H: Bz (S 2K o &5
A 1983.82 pg - kg, B T HABAL B R K
25.12% ~474.33% (18] 2B) ; T1 b5 Kz 1) 0 R 25
S e ey, S 2 v T A A B B4R R 906.18% ~
1402.25% (&l 2D) , #5Ab 3 f i PR 2 T 28 | B
25 X 4 Y R S BRI T3>T4>T5>T2
>CK>T1, Horp T3 4b ¥ 35w - HoAth Ak 2, SF- 357 34
&R 99.16% (1K 2E) , 4¢ FRFdk A4 T CK, T2 T3,

£S5 AEEAKLGEN WHELD REFEMIMERRBZME

Table 5 Effect of different fertilizer and water treatments on yield and external quality of Ruixianghong fruits

Qb TR .Eﬂ%)ﬁi/g P2/ (kg - hm™?) %ﬁﬁ‘éiﬂc{% I o b
Treatment Single fruit mass Yield Fruit shape index
CK 182.55+11.91¢ 34750.40+312.75d 0.99+0.03a 45.33+5.14bc 78.23+2.39ab 52.80+7.49a
T1 183.43+16.67¢ 37162.23+430.23¢ 0.99+0.06a 48.07+6.00ab 80.00+3.53a 54.02+4.38a
T2 235.93+15.72a 45037.11+451.70a 1.01£0.02a 42.14£2.72¢ 78.81+3.80ab 53.83+3.90a
T3 192.23+15.34bc 35931.85+607.37cd 1.01+£0.01a 49.68+5.35ab 78.97£3.72ab 51.99+6.11a
T4 184.44+16.49¢ 37488.37+494.08¢ 0.99+0.03a 47.53+2.95abc 79.36+2.20a 52.59+6.27a
TS5 208.67+23.83h 41309.31+509.66b 1.00+0.03a 51.54+5.28a 75.31+4.20b 48.80+9.45a

T4 | T5 b3 4 & 25 3 sy 1 SR ¥ k1 o e
i, T E R T R R M T A8 5 {H T
BCK 25 TR RS o i, Y A
#3915.21 pg - kg™,
2.5 AEBKLGIEX  IHEL RIHEHS I
FH &l 3A AIHT, T1 Ab BT SRAE 4 Fhon] i35 0% &
T R, LA R AR | SROE R T )
A5 CK B4/ 28.44% (18.98% .21.64% .10.04% , T1
FT2 PIASALHEAS CK H2 5 ¢ Hi " SR S0 mT i b
SR, T2 3 T1 AR PRSI AL S & i B RAIG,
3 FhATAEERE S ES T TR EES, 5 CK M
FE, T3 T4 F1 TS AbFRIESL 4 Fhn] b & 2 R )

B 1 BEEAREKAER  BREL RE

Fig.1  Ruixianghong fruit treated with different fertilizer

and water at ripening stage
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FREREFRAG, HEME FBE R0 A0 3 Aol A4 AL 5 L
Bl pe e SR A R, E 3B s, &4k
P SR SR RN . TI>T2>CK>T4>T5>T3, Tl
T2 AL 5% CK 80 19.40% 1 8.86% .,
2.6 AFEBKALIERT  BRE L BB R SHER i

PSR ed: 0 bAy

A 4A AT AHES T CK, 45 ib B84 I 25 [ AR
T SDH 3 1, BN 35.73% ~ 78.13% , o TS A4k
A% SDH 75 M e A%, T2 Ab#LAY SDH §F Lk T
CK, T1.T2 T4 KbPERYRE AL M B E & T CK,

B4 90K 175.82% 288.41% .266.12% , T2 1 Al
T, i85 85.25 pg - g7 - min' ([ 4B), TI
AR B NT P 5 3 v T LA AL B 45 CK 3 in64.12% ,
T2 T3 T4 F1 TS 4bFEE] 5 CK [ 257 (K 4C)
5 CK AL, T4 TS5 AbH i 22 5 T R 5% SOX i 4,
MW 23 9 R 34.66% . 24.30% ; T2 Ab P 2 FEAK T
SOX JftE, T1 . T3 A5 CK LR E 25 (& 4D),
R TS AbHEAN  HAR A PRI AL CK 485 T SS-1iE
P BN 32.46% ~66.18% ; Hodr LA T3 (1) SS—T3F 1
B, k3 161853 wg + g - min"'([E4E)

RO AREIBKLER FHEL RENERRBIIM

Table 6 Effects of different fertilizer and water treatments on the intrinsic quality of Ruixianghong fruit

e Tifi i GIREcaEibiAY) AT E R K B B
Treatment Hardness Soluble solid Tiratable acidity Total N Total P Total K
¢ /(kg + em™?) content/ % content/ % /(mg-g") /(mg-g!) /(mg - g™")
CK 8.25+0.57bc 14.96+0.50b 0.330+0.058a 1.259+0.049a 0.081+£0.009a 4.125+1.108a
T1 8.78+0.76a 15.69+0.56a 0.232+0.070ab 0.824+0.050d 0.044+0.017b 3.550+1.144a
T2 7.95+0.62¢ 15.66+0.60ab 0.281+0.033a 1.213+0.050a 0.056+0.005b 3.960+0.532a
T3 8.19+0.45be 15.19£0.55a 0.309+0.084b 0.991+0.049¢ 0.057+0.004b 5.193+£0.201a
T4 8.37+0.45h 15.69+0.40a 0.317+£0.039a 1.184+0.118ab 0.035+0.009b 5.275+£1.626a
T5 7.98+0.38bc 15.65+0.52a 0.308+0.049a 1.031+0.023bc 0.044+0.005b 4.946+0.604a
~ 50000 (a) ' 2500 [ (B)
2045000 2 5 a
* 40000 2 2000 |
. z
2 35000 | s b
< 30000 | b c g 1500 be
2 25000 d 8 d
S 20000F e . 2 1000 |
5 15000 z
& 10000 ﬂ :):m 500 F e
#5000 M
1= 0 . . . X oy s I_}l . : .
CK T1 T2 T3 T4 TS L CK Tl T2 T3 TS
4b ¥ Treatment it # Treatment
001 () . ~ 45001 () \
= ook I 2 4000 | £
2 b %n 3500 |
= -
=0 < 3000
S 400 c c 8 2500
S 300} § 2000
£ 200 d g 13001
2 ﬂ & 1000 |
S, 100 - v L b b
@ W 500 b b
2 o Y I L [ s
CK T T2 T3 T4 TS CK T1 T2 T3 TS
4b ¥ Treatment 4k P Treatment
. 50000 a
w0 45000 F =
< 40000 |
2 35000 | b
< 30000 b
225000 c
E=]
S 20000 [ S
E 15000 F
£ 10000 |
= 5000 F
pac) 0 .
CK Ti T2 T3 T4 TS

4b ¥ Treatment

T /NG TSR AL B R] 35 25 5+ (P<0.05) . Tl
Note : Different lowercase letters indicate significant differences among treatments ( P<0.05). The same below.
2 AEEAKGET WmEL ERRFFTEFTSYRIE

Fig.2 Contents of main aroma components in Ruixianghong apple peel treated with different fertilizer and water
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Fig.3 Ruixianghong apple fruit’ s soluble sugar concentration and sweetness of various fertilizer and water treatments
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Fig.4 Enzyme activities related to sugar metabolism in Ruixianghong apple fruits treated with different fertilizer and water
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Table 7 Membership function value and comprehensive evaluation result
of fruit quality indexes of different fertilizer and water treatments
b3 )& pRELE Membership function value AT Heg
Treatment X1 X2 X3 X4 X5 X6 X7 Comprehensive index Order
CK 0.00 0.31 0.36 0.00 0.00 0.05 0.49 0.17 6
T1 0.02 0.00 1.00 1.00 1.00 0.00 1.00 0.57 2
T2 1.00 1.00 0.00 0.95 0.50 0.10 0.72 0.61 1
T3 0.18 0.89 0.29 0.32 0.22 1.00 0.00 0.41 4
T4 0.04 0.08 0.51 1.00 0.14 0.40 0.11 0.33 5
TS 0.49 0.61 0.33 0.95 0.23 0.36 0.08 0.44 3

TE X1 BT X2 SRR E X3 R RE s X4 nl I RDE Y 5 X5 Al 2 R ; X6 - Fr M B 5 ik 5 X7 . BITRE (L,
Note: X1: Single fruit mass; X2: Fruit shape index; X3: Hardness; X4: Soluble solid content; X5: Titratable acidity content; X6: Total aroma

substances content; X7: Sweetness value.

TS 45 T4 AFREET; 35 ) K5 R0 B R B b A B
VEFH R T, 7K 4346 i RERE G ) FH 2 3 22 34 Jon
K] DA R IR Y 5 CK M,
T3 A BRSSO | LA e R A i R AR,
H T2 AP S 1 B R B it Je TS Ab P S % b
TR T T4 AB B ERREM, X —458YS
Wang 250 (OB 5T 45 e — 50, BIGE B A8 5 1R
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PRGEARAE AT L3N < Al 7 5 WSt A EHE S
SRR f R AU g 2 W I T it — 2 R
JEE B IR — SV AT ARG N < 208 7 SRR SRR
PRI B, 250001, T R T2 A FRER B T i e
21 JRSz A F (EFN T1 T2 A [A] i AR F2 i T4 1 TS
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HE, AU ) il IS 2 s /L it RS ] e s ) 958 2, Y i
R S EGRIAETEL,
32 AREEKGEN HEL EFRRIEREH

Al
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) SRS He L A 5 ) B A T VR s e Y )
EHIH) 60% ~80% " , 2454 TRl A 0 1 SR 5 v 11 3%
Je , JUF-FTAT B L A s R — 2 0 b 16 B f AL
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Sl A SR, A LA A st R A T 3 5 SOX
AR L A P SR S TR , S SRR S SOX IR R
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