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1.1 RIEHHETR

MBS TF 2016 AR e Jb TR KB K
W RFERE YT . ZKXIBE TR AR
S5, ZEEHREAKES 503.5 mm, Hi 7—
9 AR e BEKER 62.3% . 4 K IHE 4
SER 5200 MJ » m %, WA AL,
THEAERN 1.33 g« em™®, HMFKEN
24. 2%  BHLEEE 1. 2%, pH 7. 3,
1.2 RIEH#

Brlar B R 4 AR R AL 1T AREE R
2.0 mX0. 6 m, FET A KIEME, EKBRFH
BUBERREAR . it iR (B AR R R K M B
Wi, FEATHR A 1 m SR BUZ 2R . BRIKES

A HRER AL S EE AR
1.3 REHE

SR FH S 2 A AL X 4 R 58 iR 5 2R P T T A
X BUR A THERE , VA T UV Y o K TRV
[ E AR HL T 30 cm AUDZE b, AR R 2 0
k. AR 2 BRI, F R 6 BN TR
T KR T K, 1 78 & Bl ot H e) /N 2%
A, PAA A 3 SRS A K, 3 BRI B
I HE I 18] F P W0 £ ey T 0 e S T DD
FK T4 HIE R &

VAR R 3 A B . AT T, A0
10 d K —K; FHEER T2, % 20 d #EK—
W ARSTMENE T3, 4508 30 d MK —WK, HAKER
ZBBUFIE R BN 40 Y0 , 1528 & B AR A KR EL
PATEY A R% 3 358 IF- iR

TEKRBE 3 MEH. DEEK QL EKE
SR R B 20 %0 P EEK Q2. K&
LHIRE RN 4020 REEK Q3. EAKENNY
W R BRI 60% ., #1820 d THHE—IK.

*1 RERSEETFRABELENBKEKS
Table 1 Meteorological factors in test area and irrigation volumes per plant of different treatments
B # AW e - WK E Irrigation volume/m3

Date/(H-H)  Current net evaporation/mm  FAfRie(TD AEMAQD  FPEEBR(TD S hREMAQD XREMEAQD CFMERTS)
04-18 21.6 0.010 0 0 0 0
04-28 13.3 0. 006 0. 008 0.016 0.024 0
05-08 16.7 0. 008 0 0 0 0. 024
05-18 45.9 0. 022 0.015 0. 030 0. 045 0
05-28 41.2 0. 020 0 0 0 0
06-07 13.9 0. 006 0.013 0. 026 0.039 0. 048
06-17 32.8 0.017 0 0 0 0
06-27 23.8 0.011 0.014 0.028 0.042 0
07-07 29.6 0.014 0 0 0 0. 042
07-17 —30.4 0 0 0 0 0
07-27 —34.2 0 0 0 0 0
08-06 —7.5 0 0 0 0 0

1.4 THNZE
1.4.1 HEESKE

FEFEWRRT 1 d ARG 3 d T X R 5E 4T
Fl S5 T B A, 4 30 em BC1 A4, B IR
BE 90 cm, B 0~30,30~60,60~90 cm, FHL
FEME L EESKE, LESKECO=URL
JiE— T R ED AT R R <100,

1.4.2 FiMLEkKR

A KA 2 — RSB B K B, AR
PEFERT RS FRIAS R R B 10 AHTAH » B3 X 4H B
PLEEEL 4 ARARTEREAR
1. 4.3 HWHREWLSE

4—7 HFEWLE B X 4 4 B L8 8 H
B i, SR FRAE 5 2 S B EAN, % 20 d W
FE—RHARG N s SFHE (Fyv/Fm) ,



48 It 7 B Z2

10ACH

1.4.4 JEARAEHME

MAESE 15 d SR, FIR 20 d TERIX
ZH P BEDLIEEL 4 BRAEAR IR ESME L 2 st
F,10,00—16.:00 Fi#E[E PP SYS-TEMS 2\ w4
=i CIRAS 2 #5063 RGN @ ot A R
(Pn) ZEWE 3 (To) RFL T E (Gs) M| CO,
W (CD .,
1.4.5 BREF=EAGSR

SRR B AR ™= B, GE A Il A 3 iy SRS
FEED TR E R E RIS &
GY-1 S SCAE Bl e RS AR 5 2, 6- — A RE M
WEFWERER CHE; BN @R R
AR B & 5 b R v U AR 5 T U S TR
TH,
1.4.6 WBEHE

SRS TR 5, 78 T TR X R SR AU AR AR R
A, BURE T B B4, WK 35 mm, 7EEERUR
BT 50 cm AR SIA R 1 3 A5 53 BIBURE B
FEREEA 90 cm, B 30 em Ry 1 MEA, X REA IR

AR (B2 mm) BRI TS
L5 BiEsSH

K F Excel 1 DPS 7. 05 k{4 %zt 56 $ 42 o
TAbH,

2 GHRE5HMH

2.1 EEMENEMEKMREILZENZM
2.1.1 THHESMZRX HHEE K BRI N

R 2 frow, EHEREO~30 eom), T1 £
BEEKERE, T T2, BE ST T3, R
R, IR SIKE WA S ; R ERE
(30~60 cm), T2 +IEE/KEEE, T3 & F T1,
CEERARE SO B S KRS B R K
{B; TR ZE (60~90 cm), T2 HEEE/KE &
Fem T T3, BERT T1, R0 T2 43T + 1510
EKPOKBE R, LG RE  AERMR R E P 4
)R (0~90 cm) , ARREBEA A T3 T 5K &
FERADE, T2 HESKERES, TL ST T3,

2 TRGEMENTIESKE
Table 2 Soil water contents of different drip irrigation frequencies
TEFEE F 4 A /K E Soil water content/ %

Soil depth/em TR (T IR (T2) ESTTER (T
0~30 14. 2840. 33a 13.9040. 88ab 13.25+0. 52b
30~60 15.0540.11a 15.5241.77a 15.20+£0. 72a
60~90 12.4940.33b 13.2841.01a 12. 71£0. 42ab

F-HME Average 13. 94a 14. 23a 13.72a
L ARNE FRFERTE P<0.05 KFEERBE. TN,
Note: Different lowercase letters mean significant difference at 5% level, The same below.
2.1.2 THHESRERXFAE A KRR
P 1 AT, T2 BiRE R KR T TL, B mop T TR
FT3,TI1 5 T2. T3 ERHABE., 4 H 28 L0
S 60.0
H,T1.T2 F1 T3 FiE K252 31.7.32. 5, #E <00
Mo
24.9 cm;7 H 28 H, it K &0 7188 44. 5, #2400
T
46.7.36.1 cm, WK K FE 48N 12.8, 14. 2, ;,:;Z 300 1
» Sl o 20.0
11,2 em., K0 T2 BEABRIA K. g
2. 1.3 THEESAITUT ROGE TR B 00

MR 3 0 PSI &\ O KR E , AR
HEFRZ M ZRPEARE . MOLERER
WRAE T2 AL R R R <AL
£ JMila] CO, WEH iR, BE® T T1 Al T3,
HL A HERMABER L, T HT T3. 2R 8

04-28 05-28 06-28 07-28
i H ] Measurement date/( H-H)

1 REGEMENFHERENTM

Fig. 1 Effects of different drip irrigation

frequencies on new shoot growth
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E;RILSEAMEE CO, WE, T3 HF T1, 25
ARE, RY T2 Wt LA HERBERT T1
T3,
2. 1.4 JEBRSHHFIT R AR 0

M 4 LA B, AR AT R 2 6], T1
TR AR R R, R 297,92 g, BER T
T3, Hkk T2, HILFEE R 265.63 g, T2 5 T1

TS MPRFRLEEEZR. FRME R
B, T2 &%, T3RZ, T &P, ZFEERALE,
Fer= ), T2 505, bR = Bk F) 5. 70 ke, B
ERT TLH TS, Hirg A= RBd h&km. 5
H 4+ RS KEBGEE, FWMR R KB P
X,

3 NG ES: sl A=
Table 3 Photosynthetic indices of leaves at different drip irrigation frequencies
Ab3E v il & Woba R Rty HfE] COp Y
Treatment Fv/Fm Pn/(pmol e m—2 « s71) T:/(mmol « m—2 « s71) Gs/(mmol * m™2 « s71)  Ci/(pmol * m™2 + s 1)
AR (T 0.82+0.12a 9.15+0. 79b 3.00+0. 36b 37.6516. 38b 305.516.47h
T ITENE (T2) 0. 8040. 11a 9.7240. 85a 3. 4610. 44a 47.15£5. 22a 342.0413. 34a
RS (TS 0.82+0.13a 8.80+0. 76b 2.87+0.41b 37.90%6.17b 310. 5414, 94b
F4 RREERREN RELF=ENRIT
Table 4 Effects of different irrigation frequencies on fruit yield
ik LB iy BBRHERS L7 T EI RN
Treatment Single fruit weight/g Fruiting fruit per plant/4~ Production per plant/kg Equivalent to hectare production/t
PR (TD 297. 92419, 39a 16.10+12. 19a 4.80=+0. 31b 40. 89
AT (T2) 265. 63£50. 12ab 21.55+9. 38a 5.70+1. 08a 48.56
TS (TS) 246. 46£58. 20b 19.45+11. 332 4.79+1.13b 40. 81

2.1.5  FEBRBRXT RS A BRI

5 KM, T2 Wl vk BIE Y & 2 RS
EXm THEAR, ZR A ARE; FER C TR,
T1 & T T3, T2 &k, =FH L WEF R T2 B

BHESEEZET T3 T HERS S
ET2 &S, T3RZ, _EEL£RREE.HEES
F T MR b, =FMHE AR, AT, T2 4b3
TR SR T H e,

x5 FREFMEITRERBRATM
Table 5 Effects of different irrigation frequencies on fruit qualities
e TREERY S E RS HeARCHE RS E AHEREE BRI
T Soluble solids Fruit hardness Vitamin C content Soluble sugar Titratable acid Sugar acid
reatment
content/ % /(kg * em™2) /(mg « kg1 content/ % content/ % ratio/ %
RS (TD 11. 47=%1. 45a 6.04=%1. 82a 6. 0210. 79a 8.31%1. 14c 0. 14730. 03b 59. 36
rRARIE R (T2) 12.0541.12a 6.17E1. 23a 5.6341. 26a 10.03£1.13a 0. 1720. 02a 59. 00
TR (TS 11. 68+1. 75a 6.1610. 94a 5.91+1.13a 8.84+1.17b 0. 1520. 03a 58.93

2.1.6  FEMEITER XTI B 4315 B R 5 T

HE 2 515, N EBEORE , T3 IR E &
Z, 2R EE, 4L T2/ T1 &h 11. 1% M
18. 8%, T3 HW AR FE 41 A #E 30~60 cm [
HKETHE, FHEEN 56.1%; XEMEE LB
SHER] 32. 7% 11. 2%, T3 RZWMKR B E
B0, BHRUAR R AEARXT K 4> 5 B A SR,

BRI R ERBAEK ARRER, 2+
B K BRK T B, AR TR A RN, 1
WRZEREREZ, RUZZE HENKHEERFHF
FEAEE Z IR IAR . T1 78 0~30 cm M 3%
2 RAE R 5B R 60. 1%; FE W FR)Z (30~
60 cm) T35, AR A %A 53 35. 9%0;7E 60~90 cm
WHETEBEN, BRAERH 4%, WHZL4HEER
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AEFEAART T BB ERAS AR T & A RIBAR . T2
HIR AR 7 T R ZE AT R 2 0 BB N
1,43 9005 BB 46. 5% H1 48, 6%, FKHIREESR
BB R AR BN A B B,
2.2 EEKENAMERMRLLZEHOZME
2.2.1 FHMEKEN IS KRR

WMk 6 PR, 7EHERE (0~30 ecm), QL 1)
I EKER R Q2 R, =FZRM/NEANE
Z T RE(B0~60 em). Q3 HIESKERS,
QETQ,=HFEFAEE, KOS KE

RE.Q3 KL EAKEE Q2 M Ql 705 i
3705 10, X SERBAEERR.

——TI —a-T2 ——T3

200
150

100

0~30 3060 6090
+ 2 Soil depth/cm

bt ey
Absorbing root number/(strips-dm=)

B2 FREREESEREREENIm

FRIF B B RAE; IE TR E (60~90 em) , Q3 + Fig. 2 Effects of different drip irrigation frequencies on
BEEKEM AR, BT Q2, BEHT QL. &4 absorbing root number
6 TRAHEAENTIESKE
Table 6 Soil water contents of different drip irrigation quantities
TEFEE F 4 A /K E Soil water content/ %
Soil depth/cm LEFEAK QD PEFEKQD REFEKQD
0~30 13.1142.61a 12. 96£2. 39a 13.08£1. 14a
30~60 14. 294+2. 85a 14. 63+4. 75a 15.25+1. 45a
60~90 12.2441.32b 12.56£1.11ab 13.31£1.37a
F-HME Average 13.21a 13. 38a 13. 88a

2.2.2 THEEKEXHROLE BRI

B 7 A, QL M H PSIT &AL AL 3L
EET QM Q2. ZRAAEE. Q3 KM FEL
BERET Q2. BER/ T Ql. EIEERFAAL
FETH.Q3HBERT Q2 M QLHEF Q2R

F QL ZHEERARE. WHE CO, WEXRE.,
Q3 AR, Q2 KZ.Ql &k, =& ER
A&, RAE—ETHE N, EKEX #u A
W J B R AR A B K B AR, Ot
(BLRiER T

®7 T EEEKENIF SRR
Table 7 Photosynthetic indices of leaves under different drip irrigation quantities
4b3E BRI HOLa R A Rty JHeiE] COz ¥R pE
Treatment Fv/Fm Pn/(gmol e m=2 « s71) Tr/(mmol « m—2 « s71)  Gs/(mmol + m™2 « s71)  Ci/(pmol » m™2 » s71)
A EHEA QD 0. 85+0. 09a 8.15+0. 71b 2. 44+0. 49b 39. 63+5. 67b 315.00£6. 83a
hEEK (Q2) 0.807+0. 12a 9. 7240. 56a 3.14+0. 54b 44,0144, 72b 340. 33413, 34a
KEHEAWQD 0. 83+0. 08a 10. 1070 60a 4.32+0. 41a 58.15+5. 66a 393.75+14, 91a

2.2.3 THEKEXREL=REEM

M2 8 n LI H A FEK 2 18], Q3 By LR
Bk 306.88 g, T Q2 Ml QL =F R AR
. BHEREERE. Q2 &R, YO Q3.
SHELBEZR. EFEITE, Q BRI
71 5.59 ke, Q3 BHR=EA 4. 96 kg, —“H M BE
=T QAR E 4.13 kg, ULAAEHAIHEK
BRGAREER  He FURL T’

2.2.4  TRTE/KEXT RS A R R

H15% 9 W LU 5 7 [ 7K B 0 SR 52 i Jo F
SO B TR SCRE BEFURERR L L Ah, QL BOR S
BAEtR S T Q2 M Q3. WREEIEY S & L,
QL.Q2.Q3 KR, 27 A L5 R RETT
HL,Q3 ™ T QL Q2 Hfk, ZRARE  fERC
BEI/MIFN QI>Q3>Q2, A B ; Al
P S EITHE.QL BE ST Q2 M Q3,Q2.Q3 2



5% 20 4 It B B Z2 51
38 TREEKEINREF=ENTM
Table 8 Effects of different irrigation quantities on fruit yield
ik HREE MR AL Hpkre R FrEAbiE
Treatment Single fruit weight/g Fruiting fruit per plant/4~ Production per plant/kg Equivalent to hectare production/t
RFEK QD 278. 54428. 08a 14. 81£10. 06a 4.13%0. 42b 35.19
HEREK Q) 287.63%17.97a 19. 44+14. 38a 5.594£0. 35a 47.63
KEEKQD 306. 88430. 12a 16.19£18. 24a 4. 96+0.49a 42. 26
£9 TREEKEINRERRAIM
Table 9 Effects of different irrigation quantities on fruit qualities
m TREERY & & REE HeARCHE RS E HEREE MR L
Soluble solids Fruit hardness Vitamin C content Soluble sugar Titratable acid Sugar acid
Treatment
content/ % /(kg+ em™2) /(mg « kg~ 1) content/ % content/ % ratio/ %4
LEEKQD 12.37%1.13a 6.00%1. 80a 5. 8010. 80a 10. 90%1. 20a 0.17£0. 03a 64.12
FEHEK QD 12.15+1.55a 5. 747£0. 94a 5. 58=+1.09a 10.04+1.13b 0. 16710, 02a 62.75
KEHEAKQD 11. 79£1. 29a 6.05%1. 35a 5.63%1. 28a 9.6711.19b 0.15+0. 02b 64.47

HEFADE:HEMRSE L. Q 5T Q2,#
RARE, HBERT Q3. R QL MRLH
Bk b TR AR, 3R B TR SRR R
ERRR LA S KR, LUEH R E LSy
FRIFL &R .
2.2.5  THHETKEXT ISR 4 AR B R 5 T

HE 3 AL B E ERE, QL MBR L
HET Q2. BT Q3 EZRABE; =FHWRIE
KRENHELERBEMVRE, £RE LS,
QL BRI % , HIk  Q3,Q2 &b FE SR
B, Q2 ISR SR £, Kl Q1.Q3
B ERE R, QL A1 Q3 IRIAR B s A
Rl Q2 Bk, 2 HEENE, QL MR 4
A 5 HL A R 53.3%.40. 0% .6. 7% ; Q2 HIMR I
WA 5 H ok 46, 8%.48. 2% .5 % 3 Q3 IR I AR
AR 54.1%.38. 1% 1 7. 8% . B ARIH]

160 ¢ ——Ql —-— Q2 —— Q3

140
120
100
80
60
40
20
0

30~60 60~90

+)2EEESoil depth/em

BRI B &
Absorbing root number/(strips-dm)

3 AEHEAEXNREREEHT N
Fig. 3 Effects of different irrigation quantities on

absorbing root number
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TEEKESRBEREMEKRALS BEF
M), IR R KEW KT S MR %
B E SILSE N CO, WY K,
FE—ETL I, 380K MV K B 0 AU i A KA R
REEHAE R,

RIRFHEE K BAL BT, BB SR AL A R BN
MEERAE AR, ZRB R, —EEEA,
AL o B S IR o VI K 2 R B840 T 3 o, B P 5
RBEE KBRS 2 R R E T,
KPR 5 » R IR — T, B K B A 1
I, P A BT Y X S R K BB A
WEFRA KRR, SERE ARG T R4
KM A . FE L5 e tn b, w v v
KEXFLAE A BER R, DREK
BT PR R R K A B, 5 B SR BT N %
15 M/, K B R — D T R e T AL
WRENAEKERE, A—FE B FRENKER
IK T AR ST A E T & B

4 it

TR R R Y], KB R KT, 20 d
— TR TSR BRI HE AU AR I AR R RS A T
20 Vol R R AMEHE K B2 BB AR e ESE A 5 40 00 1
FRAMEMEK BEREIR = RS HE 5 60 0 M AR R AD
K BREIRRFAM KL IEH. ek,
40 0 R RAMEHE K BERR BB R R SR S B SR
At EUBCAT » T8 H R T K B . R B T T A R
B R T LAE A R IR SOR B (3 K

B 3Lk
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Effects of Drip Irrigation Frequency and Amount on Growth and
Fruit Quality of ‘Huanguan’ Pear

DUAN Pengwei, CHENG Fuhou
(College of Landscape and Ecological Engineering, Hebei University of Engineering, Handan, Hebei 056001)

Abstract: In order to improve the yield and quality of pear,the field experiment was conducted in the
base of modern agriculture demonstration training of Hebei University of Engineering from March to
November in 2016 with 4 years old ‘Huangguan’ pear. In the drip irrigation mode, the effects of
irrigation frequency(once 10,20,30 days) and amount(20% ,40%,60% net evaporation compensation
irrigation) on the soil moisture content, the new shoot growth, the photosynthetic index, yield and fruit
quality, the distribution and number of absorbing root were studied, The results showed that under the
drip irrigation frequency of once 20 days. the soil moisture content, new shoot growth, net
photosynthetic rate, transpiration rate,yield and soluble sugar content were higher than these of once
10 or 30 days. The net photosynthetic rate of once 20 days was 6.23% higher than that of once
10 days,and 10.45% higher than that of once 30 days. The transpiration rate of once 20 days was
15. 33% higher than that of once 10 days,and 20. 56 % higher than that of once 30 days. The yield of
once 20 days was 18.76% higher than that of once 10 days, and 18.99% higher than that of once
30 days. The soluble sugar contents of once 20 days was 20. 70% higher than that of once 10 days,
13. 46 % higher than that of once 30 days,and they were significantly different. Under the 60% net
evaporation compensation irrigation processing, the soil water content, net photosynthetic rate,
transpiration rate,stomatal conductance, intercellular CO; concentration, fruit weight were higher than
these of 20% and 40% net evaporation compensation irrigation. The photosynthetic indicators were
significantly different. The yield of 40% net evaporation compensation irrigation was higher than that
of other treatments. In the fruit quality,the soluble sugar, vitamin C, titrable acid contents of 20% net
evaporation compensation irrigation was higher than that of other treatments. The soluble sugar
content of 20% net evaporation compensation irrigation was 8. 57 % higher than that of the 40% and
12.92% higher than that of the 60%,and the differences were significant, In summary, the best drip
irrigation frequency was once 20 days. 40% net evaporation compensation irrigation could ensure both
yield and the quality of pear.

Keywords: pear; drip irrigation frequency;irrigation volume;growth;quality



