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Effect of different fruit loads and irrigation amounts on new shoot

growth, yield and irrigation water use efficiency in spur-type Fuji apples

ZHAO Xianfei, ZHANG Xinyu, YU Guokang, LIANG Jie, ZHAO Ziyan, LIU Yu, ZHANG Linsen’
(College of Horticulture, Northwest A & F University, Yangling 712100, Shaanxi, China)

Abstract: [Objective] The Loess Plateau is located in a typical area of arid and semi-arid, seasonal
drought, low rainfall and insufficient irrigation water. When the lack of water leads to low irrigation
consumption, reasonable control of crop load is a better strategy for perennial fruit crops, which not on-
ly reduces the application of water but also stabilizes the yield, so it is of great significance to explore
the irrigation amount and fruit load mode of high-quality and efficient apple production in the Loess Pla-
teau. [Methods] In this study, 9-year-old spur-type Fuji apple trees were used as the research objects,
and three fruit loading capacities were set up: low load T1 (2 fruits - cm™ trunk cross-sectional area), me-
dium load T2 (4 fruits - cm™ trunk cross-sectional area) and high load T3 (6 fruits - cm™ trunk cross-sec-
tional area), and six irrigation gradients: WO (0), W1 (40% ETc), W2 (60% ETc), W3 (80% ETc), W4
(100% ETc) and W5 (120% ETc). An orthogonal experimental design was used for a total of 18 treat-
ments. In order to comprehensively improve the growth, photosynthesis, fruit quality, yield and irriga-
tion water use efficiency (hereinafter referred to as IWUE) of apple trees, the response pattern of fruit
load and irrigation water treatment to apple canopy, photosynthesis, appearance quality, yield and

IWUE was studied. [Results] Different irrigation treatments had significant effects on the length of
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new shoots and leaf area index (LAI) in the experiment. The reduction of irrigation water significantly
reduced the length of new shoots and LAI, and the highest treatment was W5 and the lowest treatment
was the control WO0. The effect of fruit load on leaf area index was small, and under the same irrigation
water conditions, leaf area index did not change significantly with the increase of fruit load, but it had a
significant relationship with the length of new shoots, which decreased significantly with the increase
of fruit load. In the full treatment, the final maximum length of T1W5 shoots was 49.1 c¢cm, and the final
maximum length of T3WO0 shoots was 25.2 cm. The largest exponential growth rate of leaf area was as
high as 65.9% with TIWS5 treatment, and the lowest was with T3WO treatment, which decreased by
28.1% compared with TIW5. The irrigation amount had a significant effect on the daily mean values of
net photosynthetic rate P,, transpiration rate Tr, intercellular CO, concentration C; and stomatal conduc-
tance G, in apple leaves. Under the same fruit load conditions, the daily average values of photosynthet-
ic rate P,, transpiration rate Tr and stomatal conductance G, all increased first and then decreased with
the increase of irrigation volume, reaching the maximum with W3 treatment, and the intercellular CO,
concentration was generally the smallest with W4 treatment. The highest treatment of P, was TIW3,
and the lowest treatment was T1WS5 treatment, which significantly reduced by 46.1%; The highest treat-
ment of 7: was T1W3, and the lowest treatment was T3WO treatment, which significantly reduced by
33.1%; The highest treatment of C; was T3W1, and the lowest treatment was T1W4 treatment, which
significantly reduced by 11.8%; The highest treatment for G, was T2W3 and the lowest treatment was
T1WS5 treatment, with a significant reduction of 46.6%. The fruit load and irrigation amount can adjust
the fruit quality, and under the same load conditions, the single fruit weight and large fruit rate showed a
trend of first increasing and then decreasing with the increase of irrigation volume, and reached the maxi-
mum with W3 and W4 treatments, respectively. The fruit hardness increased with the decrease in the
amount of irrigation water. W4 treatment can increase the single fruit weight and large fruit rate, and the
quality performance with WO treatment being the worst, and the quality performance of T3 apples was
the worst. Among them, the highest weight per fruit was T1W4, which was 281.06 g, which was 39.51%
higher than the lowest T3WO0 which was 201.46 g. The hardest T2ZW 1 treatment was 7.73 kg-cm?, which
was 73.32% higher than the lowest TIW4 treatment of 4.46 kg - cm’. The T1W4 treatment with the
highest fruit rate was 83.93%, which was 54.45% higher than the lowest T3WO treatment of 54.34%.
Load and irrigation volume had a significant impact on apple yield and irrigation water use efficiency
(IWUE). T3W4 had the highest yield of 87 379 kg - hm™, and TIW1 was the lowest. Compared with
T1WI treatment, the yields of remaining treatments increased by 7.3%~178.5%, and the IWUE treated
by T3W1 was the largest (31.11 kg-m™), which was 6.7 times more than that of the smallest TI1WS5 treat-
ment (4.63 kg m™). [Conclusion] Regression analysis showed that when yield and IWUE obtained the
optimal solution at the same time, the combination of irrigation water and fruit load was closest to
T2W4 treatment. Therefore, T2W4 can be used as a recommended method to save water and increase
apple production in the Loess Plateau region.

Key words: Spur-type Fuji apples; Load; Irrigation volume; New shoot growth; Leaf area index; Photo-

synthetic characteristics; Yield; Water use efficiency
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Fig. 1 Effect of irrigation water volume on new shoot

growth under different loads
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Table 2 Effects of different irrigation amounts and loads on daily mean photosynthesis of apple trees

ﬁ A=A N =N }\} ! 5

’ ﬁi (E.Zkgi&‘ 2 P,/Cumol -m?-s™) T./(mol-m™-s™) C/(umol -mol™) GJ/(mol-m™-s™")

Fruit load Irrigation water treatment

R EHETI W0 10.95h 628 ¢g 33233 ¢ 0.23 hi

Low load T1 Wl 12.67 ¢ 6.64 f 335.87 be 0.24 hi
W2 1250 e 7.79b 335.16 be 0.30 be
W3 1485a 8.13a 314.09 f 0.31b
W4 12.59 ¢ 6.86 de 305.44 h 0.24 ghi
W5 10.17j 6.70 ef 319.58 ¢ 0.23 hi

rp 6 T2 W0 10.56 6.95¢ 32043 ¢ 0.26 efg

Medium load T2 W1 12.94d 7.78 b 33398 ¢ 0.30 bed
w2 12.64 ¢ 7.75b 323.03 ¢ 0.25 ghi
W3 13.80 b 8.12a 311.95 fg 034 a
w4 10.54 i 7.35d 331.94 ¢ 0.26 fghi
W5 1221 f 6.97 ¢ 308.67 gh 0.25 ghi

RT3 wo 11.09 h 6.11¢ 339.02 ab 0.24 ghi

High load T3 Wi 11.65 ¢ 7.57 ¢ 341.66 a 0.28 def
w2 13.38 ¢ 7.81b 326.92 d 0.28 cde
W3 13.57 ¢ 7.98 a 306.93 h 0.30 bed
w4 13.07d 7.45cd 312.83 f 0.26 fgh
W5 12.13 f 7.49 cd 306.22 h 0.28 cde

SR F 7 2253 T (FERE S Two-Way ANOVA (F value test)

Uik 4 wox ns ns ns

Fruit load

Irrigation amount

B E <K E ok ns ns ns

Fruit loadx Irrigation amount

T FFIAFE/ NG FREORAE 0.05 /KF 2257 53 A= 3 IR AR p<0.05 M p<<0.01 KFZEFEZFH . ns ZoRAEFH. TH.

Note: Different small letters letters in the same column indicate the significant difference at level of 0.05; * and ** indicate significant differences

at p<<0.05 and p<<0.01 levels, respectively. ns means insignificant. The same below.

& AR PAA R 2 5200 (p<<0.01), X HiAth
Tetn LR W . P A EE 2 TIW3, S AR )
AbFEE TIWS, 535 BRAK T 46.1% (p<<0.05) ; T, 5 i
(40 B2 TIW3, AR (I AL B 2 T3WO, 2 3 PR T
33.1% (p<<0.05) ; C i ey U AL B2 T3W L, SIS ) 4k
HE TIW4, B3 KT 11.8% (p<<0.05) ; G 1t = 1
QbR T2W3, 5 1% 9 40 BE /& TIWO, & 35 PR T
46.6%(p<<0.05) . {EARAEEFAT, SHHE WO
o, AR &AL B PTG A G B2 E 57 (p<
0.05), Herh P T i (13552 TIW3 AL BE, 25 5 3 1 1
I I AL BE TIWS Al T3WO (46.1% A1 29.6% ) (p<
0.05) , Cfx = /2 T3WO AL FE, b FR AR AL HE TIW4 2
FZEAL T 9.8%(p<<0.05). G.Hm & TIW3, Hi
AL TIWO B35 PR T 32.6% (p<<0.05). TEH 11t
WEFKMT, SXHE WO AL, By W5 b B4R %
W) P T G G 23 72 7 (p<<0.05) , Ho
P, 15 H & T2W3 AL B, LU i fIG Ab B T2 W4 2 35 BF
K 730.9%. T Gl AL BESS) 2 W3, E IR b

WO T WS 43591 755 16.8% K1 40% , Cfie K AL FE A&
T2W1, b 5 A% 1 A0 B T2WS I 25 BRI T 8.2% (p<
0.05) ;s fEm T 2% T, SXTHWOALL, HAR %
AR P T G G B3 2 57 (p<0.05) , Hrp
P, A1 G5 KA EE 32 2 W3, I ik Ab B AR 32 wo,
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R A AR WO S35 PRAIK T 30.6% , Ctpe K ) A B2
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39.51% . A [F) J7E 7K 2 R0 3 (1) E AR 2 0f SR s i )
AR E R (p<0.05) , Hr Al FE & K1) T2W1 Ak 3
N7.73 kg-em?, LLEAR A TIW4 Zb 3 (4.46 kg - ecm™)
1 73.32% , F A S R S R T S R, K
o SRS AT B B (p<<0.05) , 75 AH /] B 3 i 4%
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Table 3 Effects of different irrigation amounts and loads on apple fruit quality

" o e CRIVE e e =

BREE wpan OTEE ey SRF
posii . . . . [ T . . Big fruit

Single fruit ~ Fruit firmness/ Fruit shape . Titratable acid * a* b*
Treatment B . Soluble solids percentage/

mass/g (kg-cm™) index content/%

content/% %

TIWO 238.80 ¢ 6.95 abc 0.94a 9.87a 025a 64.69 gh 47.38 ab 20.25b 1573 a
TIWI 237.80 ¢ 6.14 abed 0.90 a 1037 a 0.20 ab 70.93 de 48.60 ab 29.30ab 1321 ab
TIW2 254.93 be 6.81 abc 0.89a 9.50a 0.18b 74.57 ¢ 49.54 ab 26.82ab  11.39b
TIW3 272.90 ab 6.20 abed 0.89a 10.27 a 0.18b 71.57b 53.68 a 25.05ab  12.77 ab
T1W4 281.06 a 4.46d 0.92a 10.97 a 0.18b 8393 a 50.66 ab 26.11ab  12.86 ab
TIW5 267.76 abc  5.66 cd 0.88a 940 a 0.19 ab 80.06 b 50.46 ab 29.61ab  11.53b
T3WO0 23753 ¢ 7.55 ab 0.95a 11.13 a 0.21 ab 58.12j 50.36 ab 25.84ab 1297 ab
T3W1 248.19 be 7.73a 0.93a 9.77a 0.19 ab 66.83 fg 44231 3245a 10.39b
T3W2 241.14 ¢ 7.21 abe 0.86a 943a 0.17b 66.44 fg 45.63b 31.27a 9.52b
T3W3 268.39 ab 7.03 abe 0.96a 10.50 a 0.16 b 68.58 ef 46.55 ab 30.25a 11.18b
T3W4 266.86 ab 6.33 abc 0.94a 10.97 a 0.17b 74.15¢ 48.42 ab 30.18a 11.56 b
T3W5 23720 ¢ 5.76 bed 0.90a 10.10 a 0.16 b 72.90 cd 47.11 ab 30.51a 12.83 ab
T3W0 201.46d 7.11 abe 0.90a 10.00 a 0.16 b 5434k 45.51b 32.86a 10.75b
T3W1 229.20 ¢ 7.24 abe 0.92a 1123 a 0.19 ab 58.68] 43.10b 33.89a 10.13b
T3W2 228.07 ¢ 6.86 abc 0.95a 993 a 0.18b 61.521 48.51 ab 30.96 a 11.54b
T3W3 23471 ¢ 6.93 abc 0.96 a 10.67 a 0.20 ab 62.65 hi 47.62 ab 28.68ab  11.30b
T3W4 231.66 ¢ 6.00 abed 0.87 a 10.17 a 0.19 ab 67.21 fg 48.79 ab 2731ab  11.11Db
T3WS5 228.18 ¢ 5.95 abe 0.90 a 923 a 0.17b 70.77 de 47.50 ab 30.58a 10.05b
A 5 250 M (P ALK 56D Two-Way ANOVA (F value test)
L * ns ns * ns o ns ns ns
Fruit load
HEIK * * ns ns ns ok ns ns *
Irrigation amount
L E=HEKE  ns * ns ns ns o ns ns ns

Fruit loadx Irriga-

tion amount

PR, BEERE K 3 0, FLA P 2 BN ) s
Bk B E KB DA B AR 3 3 R R S R
TRBFRFE TR E R . KT 2 KU, U K&
X b* (CH B FIEE (B BB I (p<<0.05) , g &
P BAEYIN L* G a* (LI G gD Al b*
PTG g = SO B Mt oS I Y
BAEHEEW(p<0.05), K H @A B T3IWL
11.23% , bk % i T3IWS AL P (9.23%) =1 2 AN H &

x4 TRIEBREBMOHEXNER"E

F7k 53 ) AR AR

Table 4 Effects of different irrigation amounts and loads

on apple yield and water use efficiency

Ko IR

Mo TEAHFNEBLE M T, il ia By & 2
BB R AR N B 2 K. R K E DL A
HAEMIR SRR LR R EHREZ L0 (p<
0.0, fE[Fl — &~ , B AE FEME= 3, KR
R E I, Kb KRR E 5 e WP TIWE A
83.93%, LA 1 T3WO A3 (54.34%) 151 29.59 N E
I R
25 EREMOBEXMNEREEFMKSFATE
=AU

FH 2% 4 TR0, 738 B RN E K B0t 3 L 77 i R
WEZKH F 2023 AWUED) A 12 2 5210 (p<0.01D . %

pOELi FEE . Irrigation water
T Fruit yield/ .
reatment (ke hm?) use efficiency/
& (kg-m™)
TIWI1 31376.201 12.00 £
TIW2 33 653.93 m 8.60 g
TIW3 36 020.60 h 6.96 h
TIW4 3676597 g 5.671
TIWS 35340.50 gh 4.63]
T2W1 65 520.07 f 25.00 b
T2W2 63 664.63 fg 16.30d
T2W3 70852.99d 13.28 ¢
T2W4 70451.20d 10.80 £
T2W5 67 898.93 ¢ 8.84 ¢
T3W1 81262.73 ¢ 3l.11a
T3W2 82 776.90 ¢ 2124 ¢
T3W3 85419.40 b 16.35d
T3W4 87379.80 a 13.35d
T3WS5 86398.33 b 11.03 f
KUK 5 22 M (FAE K36 Two-Way ANOVA (F value test)
f# & Fruit load o o
#E/K & Irrigation amount  ** ok
B KR i i

Fruit loadxIrrigation amount
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Ab R DL T3W4 7= £ ¢ /5, 4 87 379 kg - hm™, TIW1
A EE PR R AR, 5 TIWL AERAR b, FE 4 kb B 7
BN 7.3%~178.5% , % B 1 5 38 0 2 7K & R0 47 4
A BT SE R . T3WIL 4 # () IWUE i K
(31.11 kg-m™) , 2 /N TIWS 4L BH (4.63 kg m™)
(6.7 1% . (EAHIR k& 214~ , IWUE Fifi 7K = 3
Tn g K TIWLL TIW2. TIW3, TIW4 Al
TIWS A () IWUE 5K, M T 31.11 kg-m™; 7E4H
[FRE K &R, S RAN [F] 47 38 2% 4 IWUE B & 11
B IR N 3 T R (p<<0.05) .

26 ARIGHBEMEKETER==MKIFIA
MR EYAS T

ST T B AR (3R 5) , R B SE R R A
TWUE 43 5 i 2 5 K AR B, S 3 AS [7] (6 98 7K R0 67 2%
WA, TovE RN R KRR DR E RS T =
B M ESR . (EMR AL BRI B I, — F ASBE [ 2%
. e A IWUE SR 15 S A AR I, HE7K 590 N
597.34 M1731.12 L, $h & & 43 9 3.5 F1 5.7 A~ (BRF
Ji K FFREEm AR RED, 5 T2W4 A6 %
I, T KRR A A (T2WA R IR TEA

x5 TREEREMOHE TERTENKDFIRBERMEFSNH

Table 5 Regression analysis of apple yield and water use efficiency under different irrigation amounts and loads

[RIA 2y SRS = FN =1 XoF I8 A Xof 87 7K
EVEpy ) . . ;
Dependent . . R )4 Maximum of Corresponding Corresponding
. Regression equation . . S
variable dependent variable load capacity irrigation amount/L
PR Y1=-40007"-0.033W*+0.67TW+2.81x 089  <0.01 63 925.00 3.5 597.34
Yield 10°T+41.77W+2.587x10*
KGRI Y2=-0.457+4.933x10°W-0.005 77w+  0.88  <0.01 13.11 5.7 731.12
IWUE 9.367-0.055W+12.3

T YiG=1~2) B RAL50 504 kg - hm kg m™. WL T 2041 24 3= K B (LD A 3 (R J7 R 2T R ) «

Note: The units of Yi (i = 1-2) are kg-hm?, kg-m~. W and T were the amount of irrigation (L) and load (main trunk cross-sectional area per square

centimeter/fruit), respectively.

S R TR B8 T KR AR
300 i

IK G X R (A5 M0 2 EER IR AR AR B A
7 EANR IR 2 26 AF TR S R 77 B S 7K 23R F 2K
N it R SR AR AR 2 S BN F 20, [R5
GRAE ) — e R EE R e R R FH A SE R e R ]
TEPIRENS 1E N — € FERE /K 70 5 ik, HLIE B 1K 73
REMEVEMARG T HL A 0700, RSB S A
JEIR R A P e LR R 2 B R RS R T
CRID-PFEF7) 7 Z RIS R, 36 & Y is
o5 7 C > T S 0 SRS 7 AT BT, PR, B
AR S A8 AN VRE I R T AP R AR E SR IR ) 23
He, (e HEG & & R B = B AT 2 A
B, B R EFE LA TR 13
e SR X R 2 S5 DGR AL R
S IWUE Xt 01 8 5 /K R & i i SR . ds
[ V5 REAS AL BT A5 1 S SR 1 7K 7 (R
A, e e SR XS SR (R R P P AR 1 2
WA

VR Y K S BRI R E IR R R

H, B HEY L E I E R A KR (Y
X793 it SRR W L A AS (5]  420 FR) 2B 0~ R i A A
[ R B T DA RS R BAE A (AR ORI o AT
FUR W], SR G K 2B PR A 18 1
%, ERRRHE K B AR AR 2 DR 3 K
LG, X5 T N FCA SR, R E A K &
X 3 SRR A e 28K L R WA S 2 KT, T R
(K352 FLAE F 0 e AN R . ARHIE AR, %
BN SR HAN K I E WO AR BE B /)N X R RE S
PR D9 3 SR 52 21 71 E R K 70 5 RIS, A AR AR
AV T VI O T AE X 7K 70 B W 82 v 240 i 7 22 9
55 T AR AR AR RGO, PR e A AR A A 2 2 B
LA 5 T E WA FT WS A0 3R B KBS B R oK,
X A] HE A A D K Oy AU A SE R ) £ AR &
3 A X, A 45 7K I3 e B KR 3 4 SRR ISR
Fo FEMFEE KBS T B A KK BB 113
A HE KT R )N 5 T AT e A2 DR D BT RE R A 7K 3 A
P RS AR A T 58T 8 TR A

TR J2 S A e RE R S AL T A,
G FL IR 2 S5 RERS B 0 G RE [ B SORTFE A R
ORI AN & W R SRk T 3 77 i e T AR i KA
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S 4

H40%:

NTE SR B LS KR T R D RE R R AR B 1%
SEAE o ACHIE TR B - T AR 15 B A e K R A3
T34 90, B2 i A AR ] A 19 T 2 B SE PR B K, 5 38
Wk A E IS . Horh W5 ALEE T I REEIA
B R OR X UL Y I T AR 4R B AR A K 3 A
T R L BROK 2 EL RS A A AR RS VR R
S A5 AR A A AU R 2, IR 7 - AR 4 R
R, (RIS AR AT BUF Y S oxt i i A O i A
K AEARRIE K 26T, M AR T S o T R
BRI /N 5 5 o e SO AT 9 R IR SR ) ' 3
RABERIG N2 PR AR R E 45— 2.

T IR L T kG AR AL T K
s SR RN 5 3 R T B, I P AR 2R R I i T AR
AR L RE 77 5 AT 52 i 1 0 6F 37 23 B W Wi A s
B AWFFERM] OB AR (P AR (T) |
JETE] COL M FE CCOMRAL R (GOYI R BEH K5
S EIE A DNV 3 N N R N P RS R o S i
KI5 GG AR P i SRR IR L HE B 2R AL B
IS R 52 BIBUR , TR T RFFAK 23 A B
MRS B R B LR AR A K 3 RIS R AR B B T
BECU B AT TR BT, 2 S K AR BRI, AR AR IROK
TR AR, T EURBAR A K9 A ST E
/N UG R B AR AR A, I P K oy A R
H T 2% R = AT B S 3R T, 5 AN T 4
R AN, AR FIERE, 3 B BCE T KA
P B BO6 B RN ZE I AR, X T e R
FHOK AR AT R T SRR LB, 8 n 1
L2 W TGRS , #Em AR 7K R RCR . B
FEAHIT T A UM [F LB 2 AF 1, SO R 10
T RAT S R A, R A A R br TE B Y
Wi o KT SR AEHAN S B e I AR PR
BRI Pt A ) Pl 7 PR 5 T v AT v ) 52
& MR LI SN B, M BEfE 17R 70 A
RETC 70 ML BN R S, 17728 1 L R T R
UL, X G AL R B IR K
B USHITURY, A EEE I Ot AR S R
BEMREELEMAL. RTOEESLEERRERAN
o B BT

ASHI FTAR 5 A7 g M T X S R ) 7
576 W K 2 R, IX 5 Naor S5 F 78 1) 45 R — 3,
S 575 R A 7K 2 bR B0 A 0 5 38 2 T R AR AR
FY o 7K 30 SRS 00 it 5T A 22 50 B B HY , SRSk

(10 8 T3 i JoT A AR 7K 2375 R 2 DA [ 74 82 )
7o VR B R 7 AR T B AL o AR SRR R
oM. AH TR SR E AT R B E A, TR
W RE IR R R E S P &, $E S IWUE. [RIR
REASHE =y SR S A SO AR SR IR 2, S A R )
A . XATRER TP A E B B E RS T
PR ) B i I BGEE EIR  BC L A8 TR IS A
THERBERCEETRAMTETRE, X5
Neilsen &) 45 - —EL

4 #Z B

gr BRrIR @I B E 4 B, B L TR
IWUE [7] i 3R 15 5 A0 A I, 8 7K &R 07 3 20 & i
P T2W4 AR HE, R 0L , 5545 5 HE DA SR8 7 g
KGR 20 H Y, U0 KK P28 100% ETe, 6t
BN E TSRS 7 K 4N RSO
Ji X S R AHEFE AL B A
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