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Effects of drip fertigation beneath mulched film on cherry yield,
quality and soil fertility in cherry orchard

CAO Xiaoging, YANG Peiling” , LI Pingfeng
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract To explore the optimal regulation combination of water and composite soluble fertilizers supplied with drip
irrigation system beneath mulched film, a field drip fertigation experiment was conducted in a cherry orchard at three
irrigation levels (W;, W, and W, i.e. 70% ., 85% and 100% of designed irrigation quota) and three fertilizer levels
(Fy, F,and F;, i.e. 60%, 80% and 100% of recommend dose of fertilizers for drip irrigation) were designed.
Conventional border irrigation and fertilization method was set as control (CK). The results showed that the amount of
irrigation and soluble fertilizers showed significant effects on the cherry yield, quality, irrigation water use efficiency
(IWUE) , partial factor productivity (PFP) and main nutrients content at the O — 100 cm soil layer. The drip fertigation
beneath mulched film with reasonable regulation of water and fertilizer obtained better yield, quality and soil fertility
than those of conventional method. IWUE and PFP were both improved effectively. The treatment with medium water
deficit and enough fertilizer (W, F;) was considered as the best combination for cherry tree, which obtained the highest
yield (3174.61 kg/hm?) , vertical diameter (23.15mm) , total soluble sugar content (17.82% ) and IWUE (9.69 kg/kg) ,
the lowest titratable acid (0.41%). Other quality indicators and soil nutrients such as the content of total nitrogen,
available nutrients and organic matter at the 20 — 40 cm soil layer were relatively better. This study provided scientific
data supports for the effective and productive water and fertilizer-saving system in orchard.

Keywords drip fertigation beneath mulched film; yield and quality; irrigation water use efficiency; partial factor productivity;

soil fertility
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Table 1 Physical and chemical characteristics of 0-100 cm soil in study area
8 5t/ %
i A/ WA ARR/ % HEFRKER % .
YR /cm ) _ Soil component + e 2%/ (g/kg)
. (g/cm?) Saturated Field water — i ;
Soil depth ; ) oA FARA #hki  Soil texture Total nitrogen
Bulk density ~ water content holding capacity )
Clay Silt Sand
0~20 1.26 26.4 25.6 8.75 47,25 44.00 4 1.16
20~40 1.45 27.3 26.1 9.82  52.76 37.42 Ryt 0. 86
40~60 1.48 31.6 27.8 5.27 31.25 63.48 b 3+ 0.41
60~80 1.52 36.8 25.6 3.83  26.54 69.63 WL 0.41
80~100 1.46 36.5 25.4 0. 84 6.53 92.63 w4t 0.52
&/ Y LR/ BAR/  OWER/  HHBE EEmE/
. (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
W /em . . . . .
Total Total Organic Ammonium Nitrate Available Available
phosphorus Potassium matter nitrogen nitrogen phosphorus potassium
0~20 1.11 18. 84 17.8 12.92 35. 80 24.00 163
20~40 0. 89 18.63 9.53 7.58 20. 41 21.90 102
40~60 0.69 18. 50 3.53 9.65 18.93 6.74 90
60~80 0.62 18. 81 3.77 9.52 13.03 3.83 93
80~100 0. 64 18. 94 3.55 9.94 11.45 3.25 109
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R bl 59 R e 3L B YA AR R S 2 O A B

PR A R IR0 2 A 70 em, AR 4 (A 5 K
IR REKE R N 246. 7 m® /hm® . K46
FLEEREE & RKE R, i N P,Os + K,O (i
WM 16 2 8 ¢ 34, IF E AT HoMh D R A AR T
BT HEHERE L 5 2 150 kg/hm® , it #k 75 it 2
o300 kg/hm® . ¥ /K & F it BB 2 45 B A L b R &
3 ANBRE (R T IE 7K 2 & 70 %6 .85 26 F11 100 %% il
I 7 it B 1) 60 %6 .80 % A 100 %) SR B 52 4> 41 & i
A% G0 0 mE E bt D7 =X xR AL (R K A Y
100 %6 Al A H A9 100 %) . 36 10 A~ 4b L, A4 b B 3
TEE ., BT LWL 2,

®2 HEEEMEEERLR&ITHTR

Table 2 Experimental design of drip fertigation and border fertilization

THOWR it N2y X e . KK/ % K e/ Jiti AT K -/ %% Jite HES £ /
Irrigation and Irrigation (m’ /hm?) Fertilizer (kg/hm?)
fertilization method Code Treatment level Irrigation quota level Fertilizer amount
W.F, KA E 70 172.7 60 90
W F, K AR AE 85 209. 7 60 90
W, F, TR K AR A 100 246.7 60 90
WiE, Rk AL 70 172.7 80 120
T VR T it W, F, K i AR 85 209. 7 80 120
W, F, 1= 7K H IR 100 246.7 80 120
W, F, K& 70 172.7 100 150
W. Fy K s AR 85 209. 7 100 150
W, F, 1= 7K e 100 246.7 100 150
5T RULI CK =K e 100 519. 4 100 300

1.4 MWEMBEA%
1.4.1 ZFRAR

HEA RO L 3% 2 22 KA (8] W7 b R il A [ b 2
ARRBE St ™ . RS/ DR TG 4 12 ORE | 8
IR 100 AR50 5 AR E o F B R S0 i 1 s
JoH I A AR R RO S S A AR R 42, (FHR-
5)/GY-1 BG4I 6 S S0 L B IR A AR AR
2 B LS AT A R L AT R BORE LV T i
[ TE 90 5 43 ) SR 0S40 BT 8 1 L B TR AT L
2 VR Lotk L OB RN E L B R L R S AT
PR S BREEZ I,
1.4.2 23R A%

FHA- BB 15 d GEE /K | J5 im i) B 0~ 10,

10~20,20~40,40~60,60~80 Fl 80~100 cm %%
JZ e THE TR I Bk R A R ROl
L Sk BT 0~20.20~40.,40~60.60~80 F1 80~
100 cm £%JZ= 38, NO, -N AR 3 73 7 4305 I & A
BT 3% R B A A i Bk . 2 EOH HLIRE A
25 B £ TR SR 3 - SO O B L AT R A
WO . KR IR R 28R RS R AU
oK R N A TR LIl Bk
1.5 #iEaE

JEE W 7K F] FH %4 2 (Irrigation water efficiency,
IWUE . kg/m*) I35 A h

IWUE =Y / [ @b

AP:Y 7 kg/hm® s 1 9K E , m’ /hm®,
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PFP. kg/ke) HH AR,
PFP =Y / F 1 (2)

Ay Jyat, kg/hm?; Fr R A NP, O;
K, O it kg/hm®,

X Excel2007 Fl Spss17. 0 4b 3R 5 % 35 It
AT J5 225341 o R ] Duncan £ 56 ik 647 22 5 L AL,
iR RE AT RRIE

2 EHRE5SMH

2.1 A[E) 7K AR 4k 32 3o 4 4k 7= B o JBR A 1 B R T
SRAERIRE 58 2 A7 1 AR B s o 1) 2SS UL A
7 T K R R A A RE e O AR 7 ) 2 R &
DRAahr . PV PR SORE AT E PR W IR L V. AT
P[5 JE i ok M2 B E R O (6 A T BR Y
L 3 3R T NI K Ak 3R X 45 R 1 50
TEIK it N 7K AP KK RE 52 H AR 6k HE B ™ AT
BFFR(P<0.05), Fy fl Fo 4 0F T ™ BB
A KR RS IR A0 T F, S5 0F T BE R K 8 5
RIS, £ W, MW, ZEER R
W 5 vt S % 494 T 4 s W, A BT 6 7 AROR 22

SERN Y 54.09% , AL, WLE, 15
B, ik 3 174. 61 kg/hm?, . CK #47= 59. 26 %,
W Fy Lb B 7= 1 e fiX, He CKOlb 4. 75 %,

K o it 8 o R K B 22 B G B EE A RN
TR B0 (P<0. 05) , T % 2 Bk i i 3
JC i 5 (P=>0. 05) , PR Bk rp 5L 5 Rl 9 /K K7 il
Jite FIES R B 186 i i B4 n L By JF, RN FL AR BRI HE CK
W 23.35%.10. 82 F1 4. 89% , W, HI W, 43 5148
23.86% #1 20. 89%, W, Ab B H CK Jd 7> 5. 69%.
W, F, b3 T Ay 5 8 f e (8. 28 @) » [ CK Ab 3R 4R
1 37.8% . MK B RN K F L 55 IR AR X
T 7K R it S A e AN 8 A — B, R A i K
N3G o AR B K 2 A X S R IR Y
B, EEA AR AR L CK K 4. 1406, 4%
WK T7.29%, W.F, AbPHAYRE 42 K (27. 86 mm)
l CK /5 9.73%, W, F, tb CKA{%3.17% . W.F, 4
PRI 42 B K (23,15 mm), o CK & 14. 97%,
W.F, P21 CK A 2.88% . W40, W, F, 4b B fiy 452
BEAE E e K (3. 72 kg/em®) , W Fy /v, 4303l e CK
A FREEAN 4. 05 % MM 5. 02% . A AL PR S CK 2%

SR

x3 FAEEXEEFRXNER=ERERKERNARENFIN
Table 3 Comparison of different irrigation and fertilization methods on cherry yield, exterior quality, IWUE and PFP

R /g HORFA CEMR  wE DA A P [
W B2/ mm AR/ mm o B e S
. Average ) o , ME, T HS B/% SO EY/ %
Treat (kg/hm*) ) Equatorial Longitudinal (kg/cm®) ) (mg
fruit } ) (kg/m*) (kg/kg) Titratable /% Soluble
ment Yield diameter diameter  Firmness i 100 g) )
weight IWUE PFP acid TSS solid
W, F, 1841.081 5.67 g 24.98 def 19.75 1 3.41d 7.03 f 33.75f 0.55b 10.51f 7.51g 16.73 b
W,F, 2030.27g 6.06e 25.25d 20.28 d 3.50 ¢ 6.20g 36.09d 0.54b 14.82c¢ 8.16f 16.08 ¢
W,F, 2896.52d 7.18d 26.00c 20.67 ¢ 3.69 a 7.51e 51.49a 0.59a 14.24 ¢ 10.02c¢ 15.46 ¢
W,F, 2356.35f 5.30h 24.67¢g 20.13 de 3.58 b 8.72¢c 31.42¢g 0.38f 12.40e 7.71g 17.73 a
W,F, 3076.17c¢ 7.45c¢ 25.86¢ 20. 32 cd 3.62 b 9.39b 41.02c¢c 0.44d 16.70b 9.28 e 17.13 b
W,;F, 3156.15b 7.23d 24.92 ef 19. 88 ef 3.70 a 8.19d 42.08b 0.55b 13.11d 11.81a 14.60d
W, F; 2614.75e 6.04 ef 24.86 g 20.33 cd 3.72 a 9.69a 27.89h 0.52c¢c 14.92c¢ 10.86 b 17.56 a
W,F; 3174.61a 7.92b 26.68Db 23.15 a 3.58 b 9.69a 33.86e 0.4l e 17.82a 10.80b 16.83b
W,F; 3162.30b 8.28a 27.86a 21.22 b 3.62 b 8.20d 33.73f 0.58a 13.97c 10.61 b 14.90d
CK 1993.36 h 6.01 f 25.21 de 20. 14 de 3.60 b 2.47h 10.631 0.58a 12.51e 9.72d 14.654d

< W 5B MR ) /NS FREFR R «=0. 05 K AN AL B2 8] (Y 2 5 2 . W W W 1 W5 43 31 38R 15011 /K 8 4 70 26,85 26 il 100 %

RIALHE L Fy (Fy 1 Fs 43 550 3 705 T T $ 43t B 425 1 60 26 .80 %6 A1 100 %6 , CK Sy BLmEWE M NE . T K I .
Note: Different small letters in the same column are significantly different among treatments at ¢=0. 05 level. W;, W, and Wymean 70% .
85% and 100% of designed irrigation quota, respectively. F;, F, and Fs mean 60%,80% and 100% of recommended fertilizer

amount under drip irrigation, CK is conventional border irrigation and fertilization. The same as follows.
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HH 3% 3 i8] 0, it A & A1 K IR 32 B AE A X IWUE
M PFP A7 W3 520, 78 [/ —#E K 2%+ T . IWUE Fifi
it S ¥ T 1G OK, PEP i it AL o 38 R 98/ . T
F, F1Fy 00 F e 20 IWUE B & TR Fs 2%
fF°F PEP B K B 1S I/ . £ Ab B, W F,
W, F, i IWUE 525,38 9. 69 kg/m’ , W, F, Ab3f
() PFP #15 , 4 51. 49 kg/kg, CK kb¥ {5 IWUE #I
PEP #4545 . 435 2. 47 F1 10. 63 kg/kg.

JHE I A it A 7K ST B 7K RE 38 A R X T 37 A R A
AL PR NS B i S AR T A R Y B
VR K R e P ) 39 R 2 B AIC U B T B e A
W Fy A 3 W] o R 7 i f i (0. 59%0) . WL Fy fi
IKC0. 38%6) o AT N 24 /b 7K B Ak 17 25 G 2 P TG SR
S AT A R B . P IR M RO I i A S 1 o g 4
T Bt VR K 2 5 T S S 3 S BRI R . A b PR
T WL F, ] v PR RO i e (17.8200) L [k CK
B 42.45% , BA WL F fiL W, F, A 33K T 00 50 B2 Ak
AT RO AR (12,4200,

VK e K IS 28 BAE R R s D P A
SR T HE K B AR B s AR Ve SR AE
BB SER . W] TR A R K e BG n i REEAIG AE
W, F, fil W, F, b 3T ] i P 88 9 35 15 55 1H
W F, Ab 3R /IME . PRS2 T V. & &
5 T 7K AR R A 8 T 4 KL F SR Bl T K
SN REAS , W 250 T Bl i AT et 22 56 38 0 = RIS
Mk, W.F, b V. &8 CK 2 5 21.26%,
W, E W, F, W Fy (W, F il WoF, 3k 218 5345 1fE
(9.89 mg/100 9, W, F, It CK ik 22. 74 %,

2.2 AEKBAAIEIEEEFSBZN
PEBRAR R Bk, EE A TEH R LI 80 cm N,

M 20~40 cm A F B K AR A R BE 0, K4
S W T KOt B AR S B 20~40 em 2 Y
BRI L. AR R WIBR WL F, Zh B Ah, o
b PR A A A VLRSS A F ' CK 5.
THRE NS 2500 BE K i it I B SR A 28 B AR X
2R AP A S RN AR Y A 2 s e, S
Wi it S 5 11 348 o T 4 K B EE K S Y 10 T R AR
L A o) A R R S A S . T A R A
it BB S L Fy F, A E, AR B 4351 AT 46 (E 3
Jn35%.38% A1 51% . W.F, dbBEF L&A & B
(1.51 g/kg) » H A HLTT . il A S0 38508 & = ALK
T W Fy AR & AU T WiF, .

Sk 33E— 25 B E Kt R S X - A B A Y
W, &1 1.2 F0 3 Ay il 7RIS 0~100 em )
rhE A R A RO N O B A A . R 1 AT
HLCK #F T SR  ELEPE 0~20 M
40~100 cm, & 5 B 59 /55 T I o8 it A Ak 24 . Rk 9 it
JEAMET 20~40 e S A FHZFEKLF, M F,
Ab PR 2 v T CKL L s/ K i A ke A
AR FRHESAMHZR, 50 cm DI TSR & EREE
7K Rt I R 3 0 g, BT CK AR 3,
&1 2 W0 i O it AT e A 80 - B v A A
A Ab PR Z A AWk S R R, WL E, b 3k )
97.67 mg/kg, . CK & 26% .40 cm LR A 508 &
=R EFE 80~100 cm 1 W, F, 1 W, F, 4bHf
S CK FRAK 4. 36 %0 F1 13. 24 %, & 3 Al A1,
T I B E RS T 0~40 em - HERY A S
A2 A M HOACE B h B b IE & 1S im0 ~
40 o - 38 A 5 kI VR K B G g R AIG TR
JEAEACAR I .

x4 FEEKEEAXNTERSHZM
Table 4 Comparison of different irrigation and fertilization methods on soil nutrient content
Ak 7 LA/ (g/kg) O FHLE/ (g/ke)  WEAE/ (mg/kg) AR/ (mg/ke) A/ (mg/ke)
Treatment Total nitrogen Organic matter Nitrate nitrogen  Available phosphorus  Available potassium

FSIpGEE 0. 86 9.53 20.41 21.9 102

W, F, 1.08 e 12.24 d 35.11 e 30.54 b 129.62 d
W, F, 1.05 e 11.80 e 30.28 ¢ 28.91 ¢ 126.98 d
W, F, 1.00 f 10.42 f 25.62 f 29.11 ¢ 118.87 e
W, F, 1.38 b 12.56 cd 64.14 b 31.76 b 140.71 ¢
W, F, 1.25 ¢ 12.45d 59.19 ¢ 29.12 ¢ 136.78 ¢
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b3 %/ (g/ke) B/ (g/kg) A A/ (mg/kg) A BB/ (mg/ke) HAL R/ (mg/ke)
Treatment Total nitrogen Organic matter Nitrate nitrogen  Available phosphorus  Available potassium
W, F, 1.15d 10.43 f 43.11 d 29.61 be 125.06 d
W, F, 1.48 a 14.98 a 70.26 a 32.37 a 158.96 a
W, F, 1.51 a 13.80 b 66.91 b 33.03 a 154.06 b
W, F, 1.31 b 12.66 ¢ 54.30 ¢ 33.56 a 152.71 b
CK 1.04 10.51 f 30.10 f 23.62 d 108.19 f
—— HKARHE W,F,
—— R KAIRHE W,
— = MG W F,
70 —— HUKARHE W, T,
—— FKARIE W,F,
Ex —=— {[l/KATHE W F,
SE —— KU WE,
?(; % 50 —— R KAIGHE W.F,
BE —o— AT CK
10
0~20 20~40 40~60 60~80 80~100
+JZ2IRE /em Soil depth
Wi W Tl W3 43 51 3R B3+ K 2 40 70% .85 % il 100 % WAL, Fy (Fo FIl Fa 43 51 26 718 1 T H 75 it AT
K 6026 .80 %01 100 %6, CK Sy i MUBEHE AL . T &I 1] .
W,. W, and Wiymean 70%, 85% and 100% of designed irrigation quota, respectively. F;, F; and Fs mean
60% ., 80% and 100% of recommended fertilizer amount under drip irrigation, CK is conventional border
irrigation and fertilization. The same as follows.
Bl WREAAEAEEAXNTIEZERSESE
Fig. 1 Residual NO; -N at different soil depths as influenced by drip fertigation and border fertigation
100 200 1
£ 80 g
3= &3
B o Er
g 3
= O <
R 53
< 20f <

—— RKAIEW,F

B2 WikE

0 . . . )
0~20 20~40 40~60 60~80 80~100

+ )2 /em Soil depth

——fIKATIEW F, ——fIKATIE W F,
—= LP/MEKHEWZ L —— UKW,

—— FEKACEWE,

e KA E,
e UK EWT
—— FRACHEW,F,
—— )(] HE( K

AEEAEBEFXTIEREAUBAE

Fig. 2 Residual available P at different soil depths as

influenced by drip fertigation and border fertigation

80
0~20 20~40 40~60
+ )2 E /em Soil depth

—=—fKAIGAEW F,  —— KA W F,
—HURGEVE, —— A IUEWE
—— AW, F —— F /KW, F

>
>

60~80 80~100

—— {AKCHEW F,
—o— HIRACHEW,F,
— /kf[UJEWI2
—— %[ MERCK

B3 BWREAREXERAXTIEREENHERE
Fig. 3 Residual available K at different soil depths as

influenced by drip fertigation and border fertigation
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X AT P EDE YA BRI . 38 YK 43 A A
F1G 0 0] 5 PR R M e Ak Il R A0 MO RE A% AR Bl Y 05
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L7 S DT s 0 N N 1 i - B L O S e e |
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