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Optimization of drip irrigation and topdressing nitrogen based on
apple yield and quality in Northern Shaanxi

ZHANG Jiankai', CAO Hongxia', PAN Xiaoyan', NAN Xueping’
(1. College of Water Conservancy and Architectural Engineering , Northwest A&F University ,Key Laboratory of Agricultural Soil and
Water Engineering in Arid and Semiarid Areas of Ministry of Education, Yangling, Shaanxi 712100, China;
2. Shaanxi Fruit Technology Group Co. Lid., Yangling, Shaanxi 712100, China)

Abstract: In order to explore the optimal scheme of drip irrigation (W) and nitrogen (N) application for ap-
ple, A two-year (2017 and 2018) field experiment was conducted to evaluate the effects of different irrigation and
N fertilization on growth, yield, and quality of apple. There were four irrigation levels (W,: 100%1; W,. 80%]I;
W,: 60%I; and W,: 0) and four N levels (N,: 345 kg - hm™; N,: 230 kg - hm™; N,: 115 kg - hm™;

; and

N,: 0). The results showed that the irrigation and the topdressing nitrogen had significant effects on the growth,
yield and quality of apple. Compared with W,N, , the average leaf relative moisture content of W, N,, W,N,, and
W,N, treatments increased by 7.5%, 6.3%, and 2.5%, respectively, and the effect of the amount of applied nitro-
gen on the relative moisture content of leaves in each treatment was not significant. SPAD value showed a trend of
increasing firstly and then decreasing with the growth stages, the SPAD value of 2 years reached the maximum value

in W, N, treatment, with an average of 61.30. The W,N, treatment significantly increased apple yield in transverse
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diameter of 70~80 mm and > 80 mm, total apple yield, and fruit quality. The average weight of single fruit was
212.86 g for 2 years by W, N, treatment while that was 210.20 g by W,N, treatment, showing no significant differ-
ence between the 2 treatments. In 2 years, vitamin C content reached the maximum value of 5.6 mg + 100g™" in W,N,
treatment,, which was 2.7% higher than that with W N, and by 11.6% than that with W,N,. Compared with W,N, treat-
ment, the average soluble solids of W N,, W,N,, and W;N, treatments decreased by 11.3%, 4.9%, and 2.5%, respec-
tively, while that of W,N,, W,N,, and W,N, treatments decreased by 11.7%,9.7%, and 4.8%, respectively. In 2 years,
the average of soluble sugar content of W, N, treatment was 11.53%, only 2.4% higher than that of W,N, treatment. The
titratable acids in the treatment with W, N, in 2 years were the smallest, with an average value of 0.35% , which was not
significantly different from that treated with W,N,. Considering the factors of fruit growth, yield, quality, water saving,

and fertilizer, the W,N, treatment was the best combination for apple irrigation and N application in the study area.

Keywords: drip irrigation ;apple; irrigation amount; topdressing nitrogen ; yield ; quality
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Table 1  Soil nutrient status in the test orchard
12 HA P B AR
Soil Available N Available P Available K Organic matter

layer /(mg-kg') /(mg-kg') /(mg-kg') /(g-kg!)

/em 2017 2018 2017 2018 2017 2018 2017 2018

0~20 20.7 31.3 151 127 174.6 1657 14.1 15.2
20~40 229 425 17.5 159 1123 142.4 8.2 11.7
40~60 232 276 11.8 9.6 57.9 113.1 6.4 10.2

A 223 338 148 12.7 1149 140.4 9.6 124

Average

TE 2017 4E 2 J] F1 2018 4F 3 J1 SRkE,
Note ; Sampling was conducted in February 2017 and March 2018.
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Distribution of monthly rainfall and temperature during the apple growing season from 2017 to 2018
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Table 2 The application amount of irrigation and nitrogen

of the experimental treatments

KR a4l &R/ (kg + hm™2)
Total irrigation Nitrogen application amount
G amonnt e S
reatment /(m* « hm™*) Basal N Topdressing N

2017 2018 2017 2018 2017 2018

W, 17150 1721.6 375 375 230 230
v, Wo 13720 13786 375 375 230 230
W, 1029.0 1033.0 375 375 230 230
W, 0 0 375 375 230 230
N, 1372.0 1378.6 375 375 345 345
w, N 13720 13786 375 375 230 230
Ny 13720 13786 375 375 115 115
N, 1372.0 1378.6 375 375 0 0
1.0r(a)2017

~%
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. =

0 S

w8

% £

o 9

BT

4w

8

= Q

:/L"f‘l!. Treatment
L EARRNE F AR 2R B2 (P<0.05) , FIA,

Note : Different small letters indicate significant difference among treatments within a season (P<0.05). The

same below.
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Fig.2 Leaf relative water content of apple tree under different irrigation and nitrogen treatments
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Table 3 Yield of apple tree under different irrigation and nitrogen treatments

Ay Kb FH K EEFR X JE] P74 Yield of each interval/(t * hm’z) SR Total vield/(1 - hm_2)
Year Treatment <70 mm 70~80 mm >80 mm
W, 5.85+0.46d 30.00+0.31ab 27.62+0.56a 63.46+1.09a
N, W, 6.060.44d 30.36+0.62a 24.69+0.41b 61.10+1.28b
W, 7.93+0.32¢ 28.89+0.18bc 19.47£0.43d 56.29+0.83¢
W, 9.82+0.22b 26.99+0.11d 16.35+0.48¢ 51.15+0.52d
N, 5.93+0.28d 30.34+0.35a 23.50+0.46¢ 59.77£0.61b
2017 W, N, 6.06+0.44d 30.36+0.62a 24.69+0.41D 61.10+1.28b
N, 6.82+0.36d 27.62+0.53cd 16.33+0.59% 50.77+0.92¢
N, 10.90+0.29a 21.70£0.51e 9.89+0.12f 42.49+0.21e
BEMERE Significance test(F)
K Trigation 32.338* * 14.908 * * 142.679 " * 29.756* *
JB A Nitrogen 49.385* * 101.926 " * 296.042 115.013 " *
W, 7.7620.43¢ 19.60+0.35a 15.46+0.18a 42.83+0.56a
N, W, 8.43+0.37d 18.75£0.22ab 14.43+0.18ab 41.61+0.29ab
W, 8.58+0.15¢d 16.47+0.42¢ 10.39+0.54¢ 35.43+0.95¢
W, 9.04+0.18ab 15.49+0.22¢d 7.86+0.33d 32.38+0.36d
N, 8.22+0.19d 18.42+0.20b 13.84£0.16b 40.48+0.47b
2018 W, N, 8.43+0.37d 18.75£0.22ab 14.43£0.18ab 41.61+0.29ab
N, 9.37+0.18a 14.55+0.43d 9.89+0.59¢ 33.81+0.78d
N, 8.86+0.27bc 10.79+0.38¢ 5.63+0.42¢ 25.28+0.61¢
I E AL Significance test( F)
/K & Trrigation 10.786 * * 42.603* * 113.227** 88.298 * *
B A Nitrogen 10.961* * 174.255* * 159.711* * 210.014* *
AEAY Year 31.646* * 1233.653* * 536.653 " * 840.534 " *

o FREFEE(P<0.05) , « * FRZEFWEE (P<0.01) ; FFEHR G A R/NG PR kB R 22 5 8 2 (P<0.05) , T,

Note: * means significant difference at the 0.05 probability level, * * means significant difference at the 0.01 probability level. Different lowercase

letters in the same column mean significant difference among treatments ( P<0.05). The same below.

2.4 EXKEMEHRENERMRNZME
24.1 BAKEFMEER TN FRD & RIRIEAFH
A

(1) HIRE, 2 a AHEK(W,) FAETEE(N,)
AR PR ) PR R /N HE K FE R R AL (R 4) .
W N ACFEA IR 2 a B EROR, F-34°5212.86 ¢,
W, N A B /N SFEH 5 158.29 g, 7E N, B Jif & i
TR ERR W R W AL B 22 5O 28 A0, &b
BEVEE K 2 () G 5 R, W, W, R WL AR B 2 a T
PR e W, 4 BB AN 21.7% . 20.4% F1 12.3%
e WLV KR BRI EE I 3 it AU B N S ks n s
R, 2017 AR FURE RIS N, B & KT N, N, 3%
KT NJFI N, ;2018 4 N, Al N, 1 LR d 22 SR I 3%
(AR ERT N, FIN, N, N, FIN AR 2 a P35 R
& NN 29.6% 32.9% F1 12.2%, X5 H
IR AT R T4 o R T, AR X B Y
e i 3, 2017 AR PR R I 25 KT 2018 4F,

(2) WERE 7K 2 A it G e o 3 SRl 5 5 M
W25 (R 4) , HiEk 4 AT, R K UG B SR h
JE2E S Wl W, A AR AR L R 6.32 ~8.13 kg -
em™” B B K R it SR A TR N, A
N, B T, W, Jl W, ARBE 2017 4E 22 % A 3%,

2018 AEZE B E W, W, H W AL FH 2 a P-IA08E FE
B W AR 16.7% 11.5%F1 7.7% ., 16 W, ik
HEKER 2017 4E N, N, Al N, AR ] 22 508 i 3%,
2018 4 N, Fl N Ab B 22 SR 1 25 (B /T Ny,
N, N, AN, A HR 2 o P B8 B 43 ) e N, A B /D
15.4% . 13.2% F1 7.8%, 2017 4EF1 2018 4F i &
W, N, A 3RS B 5 K, 4351 h 7.62 kg + em ™ HT 8.13
kg« em™, W, N, 5 HAH LG, 8 52 REAIG 13.2%

(3) HIBHEEL, 2 a B A X R HE A W
S, 2017 AFRHE K e ROEHR B0E i i 35,2018 4F:
TR EX R EE AN B35 (R 4) , 78 N, 1B
A T ,2017 4F W AR KT W, ,2018 445 4b 3
] TG 35 25 57 76 WL TE K T, SRR HR 5005 N, A
N, AL BRARSE S B 36 it &0 A3 i AR

(4) (5, 2 aiB it =M 2018 FEiHHEK &2 12
FRM PRI L(F4), ORI L FEREK
R il R (R BSR4 3 ) 25
ANE ., 2018 K E X AR EL o R0 W,
R RN o BT HE /K Gt 0 35 SE 3 hn 5 B4 18 e
EARTOORGRE S ok QB AT E A CRE (=) GBI % )
=GRS HE
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Table 4 Commodity qualities of apple under different irrigation and nitrogen treatments
A s Eﬁ%i il Jig %ﬁﬁ%‘ﬁ _ @(% C(‘){our ‘ ‘
Year Treatment Welgbl_] Hardnesi Fru.n shape [ﬁ%g L @Y%?E‘ B @{%%‘ﬁ b
/(g fruit™) /(kg+em™) index Brightness L Colour index a Colour index b
W, 215.57+2.06a 6.32+0.02e 0.83+£0.01c¢ 54.04+1.67ab 32.34+1.47ab 12.54+0.39¢
N, W, 212.98+3.89a 6.80+0.15cde 0.85+0.01bc 55.70+0.88a 33.82+0.96a 12.92+0.34bc
W, 198.33+1.57b 7.07+0.14bc 0.85+0.02bc 53.10£0.10abc 30.08+1.35abc 13.35£1.00abc
W, 178.05+2.46¢ 7.50+0.10ab 0.87+0.01ab 50.33+1.49bc 28.55+1.67hc 15.83+1.89a
N, 210.77+2.34ab 6.51+0.23de 0.85+0.01bc 53.49+1.10abc 32.30+1.53ab 13.57+0.50abc
2017 W, N, 212.98+3.89a 6.80+0.15¢cde 0.85+0.01bc 55.70+0.88a 33.82+0.96a 12.92+0.34bc
- N; 179.71+3.26¢ 6.93+0.16cd 0.86+0.02ab 52.41+1.31abc 29.23+2.20bc 14.15+0.36abc
N, 162.50+9.31d 7.62+0.23a 0.88+0.01a 49.61+1.92¢ 27.64+1.75¢ 15.50+0.31ab
R F R Significance test(F)
THE/K A Trigation 15.395" 9.183"* 3.967" 2.848 2.140 2.899
Bt & Nitrogen 33.288 " * 8.323" " 4.414* 3.602 " 3.103 1.595
W, 210.14+1.65a 6.55+0.05¢e 0.85+0.02bc 53.28+0.82abc 32.36+0.67ab 14.59+1.06ab
N, W, 207.41+1.86a 6.87+0.16d 0.84+0.01bc 55.69+1.43a 33.33+0.93a 11.74+0.46b
W, 193.60+2.51b 7.18+0.06¢ 0.86+0.01abc 53.24+0.89abc 30.14£0.37abc 17.50+0.25a
W, 171.14+8.02d 7.95+0.09a 0.87+0.04ab 49.64+0.64c 28.51+0.70c¢ 14.02+1.87ab
N, 199.62+2.56h 6.81+0.04de 0.84+0.01¢ 54.04+1.15ab 32.83+0.74ab 17.32+1.36a
2018 W, N, 207.41+1.86a 6.87+0.16d 0.84+0.01¢ 55.69+1.43a 33.33+0.93a 11.74+0.46b
N; 175.38+1.60c 7.61+0.06b 0.85+0.01bc 55.05+2.36a 30.09+1.34abc 11.45+1.94b
N, 154.08+4.75¢ 8.13+0.08a 0.89+0.01a 50.27+0.84bc 29.75+2.06bc 13.16+0.87b
I E MR Significance test(F)
THHEKE Trigation  65.297 * 48.522* " 1.853 3.788* 3.894 " 2.804
JBHEZ i Nitrogen 105.823 " * 53.382" ¢ 4.289" 3.578 " 2.791 4.570 "
A0 Year 39.244* * 6.250 0.500 0.089 0.435 0.806
242 EAREFAEER A FERLA B RIEAFN TE N BT, AT R ) B K 1 3 hn i

EAL)

(D AR C, KB A X4 K C
MY R (3R 5) o HEATHEZK RIE it ZAUAL 3 A% 2 A=
£ CHBERTAEKRW,) MABEIER(N,) 4
L OW,N PR 4EA: 2 C 1E 2 a [ K, W N,
WK Z . #E N B A T, 4EA R C BEE KR
I AW MW AR 2E RN W, W, A
W ALFR A 4 R ¢ 5 W, A EE, 2017 443 51 38
36.5% 41.2% F1 15.9% , 2018 47 B34 66.1% .
69.5%F1 41.2% , 1& W, HE/KE R, 44K C B N, Al
N, A3 2 S AN I 2 A | % A B H47 ot A it 220 P 4
EEREIN N, N, AN AR 4R A R C 5 N, M
b ,2017 44 5360 T 33.4% . 46.1% F1 18.7%,
2018 4F43 4/ T 58.6% .80.1% K1 47.0% , Hi#E S
AYHTATN, WON, W, N, FIT W, N AR B 44 % ¢ A
FETE S 2 22 5, U A 1 VR TR O it 2 e A A5
Y2 C ok o T R B it AN B R R 2 1 4 AR R
C RGN, AE R4 2R C 52 22018 4F4EE
£ C WEKRT 2017 4E,2018 4E 1 2017 51 14.3%

(2) ATy PE IS, FE K B i 2 X Al
PEEIEYIR s B3 (2 5) . 2 a ANHEK(W,) b FE
(AT T 1 TR 4 1) ik 25 K T i K Ak B, AN 36 it &L
(N, ) Ab 38 7] 35 P [5UE 3 / T38 it A AL 2

AR, W, W, AT WAL 2 a X ] IR T T Y4
W W AL EE D 11.3% 4.9%F1 2.5% , 78 W, i
KT, AT M R P B8 i 220 A 38 1 5 4
TN NG TN, AR 2 a S35 0 5 1 8% 49 43 ) L
N AEFREE N 11.7% 9.7%F1 4.8% , 33X BB/ K
RIS It & A A T el R &

(3) P PERE . 2017 4R K B I 5 R i s
Wl 2 it 280 X T P A R ) A 3, 2018 AR E K
ST ATV RE RZ e AN 3 3 it 2R R AT A PR
WA 2, 2 aW | N, Ab B A AT 5 P B 34 Ok B K O
BR11.5% ,WN, IRZ ¥ 11.3%, 76 N, B
AT B WA WA 22 5 OR B g4, T s i b
VKA B 0 S R, W, W, AT WO AR B 2 a S
AL MR e W, b BRI 14.3% 11, 6% I
5.0%, F£ WK T, Ty PE o Bl 6 it 20 i 1 3
TnSes n G AR N R N AR BE 22 OR8N, N,
N, AR # 2 a SF- ¥ 0] ¥ OB 43 0 L N, Ak 38
14.3% 16.7% 1 6.8% , 4F-1y Xt ] 35 P4 45 52 v A%
F,2017 4F 0] PEAE 3K T 2018 4, 2017 4 Lk
2018 4FH4HN 7.2% .,

(4) PITEE TR . 2 a 7K 2 XF 0T i R R 5% ) A
538 it Ui 2017 AR X T i A2 BR R A A W
2018 AERE A AN L3 . W, N, AL BH 2 a 0 A 3% E BR 14
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R, W N, 380 /0N Ak 388 ] ] 358 e 8 114 28 Ak Ly
0.35% ~ 0.45% (2017 4E) 1 0.35% ~ 0.47% ( 2018
), FE NGB AR T, W, W, &b B AT E R
PIRE/NT WAL H W MW, LR EER, W,
WAL B 2 2 SO E R S W, AH Eb 4 ik 2D
24. 7% 16.9% , 1 W,HE/KE T ,2017 4 0] 4 & IR
Wi A it 20 A (B T T R ARG, 2018 4 i 318 il 280 i 14
ISR, 5 N ACFRAI L, N, R N, AR FE 2 a
SR AT E RSP 19.6% , ARG AT E B 5
M) &g &, 2018 4F- 1] ik o2 iR 1. 35 K F 2017 4F-,2018 4%
I 2017 4E36H0 3.6%

(5) BEBREL . HEZK B XM EL 2 ma il (2%, 2017
AP il R B X R LU R M A B3, 2018 ARSI IR
FE N B T, 2017 AR R H BEVE /K & 1 36 m o
BN S FEA, 2018 A EVE /K &2 A3 i i 38 m, W, W,
W, b B 2 a V205 R L 4 i Lt W, b B S
40.9% 34.2%H 7.7% ., & W,HE/K & BIRR L Bfia
it R PR TIP3 E IS A, N N, R NGAR 3 2 2 o
PPBERR LA HE N, AL EEE N 39.0% (45.6% F11 20.1%
BRI L8 7 5 T A E 48 b, 3 Y AR R L A g
AR TR R A R S e A A TR
FHER HL AT YRR S ) B 5, 2017 AR R He
KT 2018 42,2017 4R H 2018 4R 12.5%

3 W ®

MR AR GG AR, R KO Ab B A R
J& A B KR X O A VR TR B R
U1, 2 WAL ) ) 7K AR 00 0 338 B /K i, R )
HYIHPTFEPE) ) El Jaouhari %575 78 K A #2 & 75
AT TR R S SR AR S i ) A 9 T e B E o R R R
PR3 5 1 i e AR B K R 5 AR A R —
3, TR T AR ARRE AR AR 7 30 P R T 0 A
TR LAY o AR TARSE T R SE F0 UAh HE
RREARR S S it AR 5 7K 38 3 0 20 PR B A X 3 1
T, W 8 AR AN B AR . H H TG TR E AR 1
TR AE it R S SR AR 5 7K SRR 5 e A L
B, AP B A E H N2 FIN, 2 a i
J AN KRS A FEAIR 1.2% , i B 3 36 i 2B AIG
AT SRR, K AL (W,N,) B REA L
HE SR A T A B B i R AR KR i A
XK 5 A R B VA OC i ik HOok gz 7™
B WON, HE W N LB R A 3.3%, Lt WL N,
AL I 2.5% , 3x 1 VTR B it 20 P AN BB K R i 2
M AT 5 KR P AN R

MEg R Y HATCEE N FE AR KIE
b BRXTAF ) 53 22T WURE i) 3 T 5% W) A 400 1) O

x5 EKLEMBERALETHERRRREER

Table 5 Edible qualities of apple under different irrigation and nitrogen treatments

) i JuEE P prarl T AL
Year Treatment . Soluble solid/% Soluble sugar/ % Titratable acids/% Sugar-acid radio
/(mg - (100g) ")
W, 4.90+0.13a 13.87+0.15¢cd 11.8320.33a 0.35+0.01bc 32.76+0.43b
N, W, 5.07+0.07a 14.75+0.05b 11.7220.35a 0.36+0.01¢ 34.7920.17a
W, 4.16+0.28b 15.37+0.11ab 10.96+0.23cd 0.42+0.02ab 26.66+0.21c
W, 3.59+0.18¢ 15.52+0.18a 10.23+0.28bc 0.44+0.02a 24.47+1.49cd
N, 4.63+0.20ab 14.9420.15b 11.452+0.20ab 0.35£0.01bc 32.09+0.88b
2017 W N, 5.07+0.07a 14.75+0.05a 11.72+0.35a 0.36+0.01¢ 34.79+0.17a
2 N, 4.12£0.12b 14.04=0.18¢ 10.84+0.13bc 0.41x0.03a 26.8320.73¢
N, 3.47+0.14c 13.56+0.09d 10.08+0.17d 0.45+0.03a 22.07+1.39d
BEMERL Significance test(F)
THHEK & rigation 15.813* * 29.362* * 5.634* 5.962* * 27.064 " *
BJifi & Nitrogen 22.254* % 25125 " 9.039 " * 8.274" " 39.043 " *
W, 5.93x0.07a 13.37+0.08d 11.22+0.50a 0.35+0.02d 32.33%2.53a
N, W, 6.05+0.11a 14.05+0.07¢ 10.78+0.44ab 0.38+0.02bcd 27.58+1.79bc
W, 5.04+0.21b 14.59+0.10b 10.23+0.06abc 0.44+0.03ab 23.28+1.56cd
W, 3.57+0.56¢ 15.19£0.07a 9.94+0.05bc 0.45+0.02a 21.87+1.09d
N, 5.33+0.21ab 14.39+0.07¢ 10.67+0.33ab 0.39£0.02cd 27.36+0.45ab
2018 W, N, 6.05+0.11a 14.05+0.07ab 10.78+0.44ab 0.38+0.02bcd 27.58+1.79bc
N, 4.94+0.18b 13.49+0.21d 9.85+0.25hc 0.40+0.01abed 24.47+0.80bcd
N, 3.36+0.08¢ 12.72+0.09 9.29+0.31¢ 0.47£0.01abc 20.64+0.88d
BRI Significance test( F)
TWHEK & Trigation 20.114* * 49.759* * 3.213 6.140* * 10.482* *
B R Nitrogen 26.709 " * 41.162" * 3.477" 1.321 3.697*
BN Year 10.770* 4.971 37.965* * 8.000* 11.038"
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