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Effects of Irrigation on Roots Distribution and Water Use Efficiency of
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Abstract: A solar greenhouse experiment was carried out to search the optimum mode of water-
saving irrigation for cucumber (Cucumis sativus L. ‘Jinyu 5’ ) . Different irrigation levels (150, 300 and
450 m® - hm™ each time) were set. Cucumber plants were either own-rooted or grafted onto the rootstock

(Cucurbita ficifolia) . Then root distribution, commodity yield and water use efficiency (WUE) were
investigated. The results showed that in most cases, a modest reduction in irrigation quantity didn’t
significantly affect the growth, the vertical distribution and absorption of cucumber’s root. Compared with
conventional irrigation (450 m*® - hm each time), irrigation of 150 m* - hm™ each time didn’t significantly
affect the yield of own-rooted and grafted cucumber, thus significantly increased WUE. In irrigation of
150 m® . hm? each time, the roots of grafted cucumber were strong and stout, a large number of capillary
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roots were induced and distributed to the deep soil, so that the yield of grafted cucumber was higher
significantly than that of own-rooted cucumber. On the whole, in the reduction of irrigation, grafting may
obtain favorable effects of root-promoting, water-saving and high yield.

Key words: cucumber; irrigation; graft; root distribution; yield; water use efficiency
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Table 1 The percentage of the 0-40 cm soil water content at the day before irrigation and the field capacity 1%

- . H#/ (M-D)  Ab¥ Treatment

277 Period
Date GOW1 GOW?2 GOW3 Glwl G1W2 G1w3

KA 03-24 68.2 67.8 68.4 70.2 69.0 739

Winter - spring period 04-11 58.6 53.9 60.9 59.1 59.4 63.9
04-19 63.9 63.2 72.6 60.8 67.5 75.1
04 - 27 68.8 64.7 715 65.3 69.4 83.1
05 - 09 65.5 56.0 62.8 63.7 68.2 713
05-24 55.9 55.9 53.4 60.3 60.3 61.2
06 - 06 61.7 56.1 65.8 60.8 61.7 68.4
06 - 23 66.2 59.9 64.0 62.0 62.6 65.4

K& 09 - 26 69.4 68.6 74.9 713 71.2 73.0

Autumn - winter period 10 - 13 65.3 63.2 69.5 67.2 68.2 68.4
10 - 26 63.2 64.1 69.9 65.3 67.1 72.8
11-17 67.4 64.7 725 68.3 68.9 75.0
12-12 70.8 70.8 76.7 72.4 75.0 78.6

e GO. A GL. Wk, W1, ARGHEKER 150 m - hm?; W2, AE/GHEKE 300 m? - hm?; W3, AF/#E K 450 m? - hm2,
Note: GO.Own-root; G1.Graft; W1. Irrigation 150 m® - hm™?; W2, Irrigation 300 m® - hm?; W3. Irrigation 450 m® - hm™2.

KBFEHEH N2 H20 H—3 H 27 H, 336 d; #)RYIN 3 H28 H—4 H 12 H, JL16 d;
BN 4 H 13 H—6 H8H, 357d; KRWIKH6 HIH—7 H2H, $L24d; AEFW 1334,
AL 8 130 H—9 H 30 H, 3£32 d; ¥R 10 F 1—20 H, 320 d; 2/RI% 10
H21H—12 H1H, J:42d; &RHYH 12 H2—30 H, 3:29d; &4 EFH 123d.

XFAT 3 H 25 HIFWRIHATHE K B ACEE, 24 F Mg L T 8 Ik, AZEE N, WL #E/KE
F520295m° hm?, W2 2432295 m®. hm?, W3 44295 m®- hm?, &% T 9 H 27 HIT4hk
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TRATRAT, FHMEVRI e 35K &

VWK 12 U 1 I 58 « A HE K S ZE B 000 5, 42 R 2 TR 35 2SR 2692 R RS 1EA T 50k (7%
BACK 5 = R 23 59 R 150 em x 130 cm x 90 em, k7 {4 E R, HTHHE 2k T PR ZE 30 cm 4b),
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F2 AAENBRSFEEVR RIS R ME

Table 2 Effect of irrigation on root characteristic parameters of own-rooted and grafted cucumber

e o s A/ em I cm? H A%/ mm A cm® TR g
Z=77 Period . .
Treatment Length Surf area Diameter Volume Dry weight
KA GOW1 3809.7b 522.1b 0.64 ab 13.82a 1.76 a
Winter - spring period GOwW2 47238a 730.5a 0.57b 1451a 2.00a
GOW3 4533.1ab 726.6a 0.59 b 16.27 a 197a
Gilwil 45153 ab 672.9ab 0.74a 18.61a 249a
G1w2 5222.4a 854.2a 0.65 ab 2151a 3.04a
G1w3 5106.9a 820.5a 0.69 ab 17.92a 2.74a
KA GOW1 20495b 4102a 0.45a 7.09b 0.99 b
Autumn - winter period ~ GOW2 2549.7 ab 435.0a 042a 7.84 ab 1.13ab
GOW3 2634.1ab 435.1a 0.48a 8.31ab 1.31ab
Gilwil 28784a 460.3 a 0.45a 8.95ab 1.34a
G1w2 3098.9a 500.5 a 0.50 a 10.07 a 1l41a
G1W3 3082.7a 499.0 a 052 a 9.35a 1.35a

P GO [AR: GL %% WL MK 150 m® - hm?; W2, SRRk 300 m® - hm?; W3, 4 4HEK i 450 m® - hm®. &3 R
FI LSD 75 2437, R—3AR/NE FRER R B3 (P <0.05),

Note: GO. Own-root; G1. Graft; W1. Irrigation 150 m® - hm2; W2. Irrigation 300 m* - hm™; W3. Irrigation 450 m* - hm. The data were analyzed
with LSD analysis. The different lowercase letters in the same column denoted significant difference at 0.05 level.
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W3 #E/KE T, G171t 30 ~ 45 em WRJEMMR R/ W25 KT GO, Ul W i 4 5 )AL 140K = 40 A1
AR A AR TETOR, RFER 27K R . MK & W2 BE % WL i, G17E 30 ~ 45 cm iR 11
WRKE LR AL, (GO W&/, GIWL MR REILH 17 30 ~ 45 cm ¥R J2 HIEAE K &R
TERKARE, HETK G 5 I AR PRGBSIV 2R 3 L 20 A U Y & 58 0

XU B FER DK, Z2EE A S B W BT RINEE M. EAHRE, HIREKE
W2 B4 WL R, FRRE (GOW2 5 GOWL) 7 30 ~ 45 cm iR JE MR R E B, (HEgE:
H (GIW2 5 GIWD) MR R KB ARWE WD, UL T &R G vl 4E R R AR )2
S5 X5 23 R B R AR K 23 (I RE O, G AR K a5 i (R AN R 5
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Table 3 Effect of irrigation on the roots length and ratio of own-rooted and grafted cucumber in different soil layer

- 0~15cm 15~30cm 30~45cm
T pisE — - — - — -
Period Treatment R KFE cm H:WIIJ/ % AR LE cm H:w/ % AR cm H:WIIJ/ %
Roots length Ratio Roots length Ratio Roots length Ratio
XTI GOW1 2246.2 a 58.96 a 1077.5a 28.28a 486.0c 12.76 b
Winter - GOW2 26125a 55.3la 14226 a 30.12a 688.6 b 14.58 ab
spring period GOW3 2709.6 a 59.77 a 1200.6 a 26.49 a 622.8 bc 13.74 ab
G1w1l 2611.8a 57.84a 1202.2a 26.63a 701.3 ab 15.53 ab
G1w2 2937.3a 56.24 a 1521.3a 29.13a 763.8 ab 14.62 ab
G1w3 2865.3a 56.11a 1344.7a 26.33a 896.9a 1756 a
AT GOW1 1245.0 b 60.75a 534.2a 26.07a 270.2a 13.19a
Autumn - GOW2 1578.0 ab 61.89a 619.3a 24.29a 3524 a 13.82a
winter period GOW3 1728.2 ab 65.61 a 599.4 a 22.76a 306.5a 11.64a
G1lw1l 1703.0 ab 59.17 a 7914 a 27.49a 384.0a 1334 a
G1w2 22032a 71.09a 727.7a 2348a 168.1a 542a
G1w3 2065.1a 66.99 a 707.8a 22.96a 309.8 a 10.05 a

P GO [AR: GL %% WL MK 150 m® - hm?: W2, &Rk 300 m® - hm?; W3, 4 4HEK R 450 m® - hm®. &3 R
FALSD J5 25 Wi i, W—FIARFNG PR R 2 B3 (P <0.05),

Note: GO. Own-root; G1. Graft; W1. Irrigation 150 m® - hm; W2. Irrigation 300 m® - hm; W3. Irrigation 450 m® - hm™. The data were analyzed
with LSD analysis. The different lowercase letters in the same column denoted significant difference at 0.05 level.

M 4 T, K E SERAAENETM R EAN 1.0~ 1.5 mm. KT 1.5 mm AR R KBTS
F 9 TG B i . (E AR, WE/KE T W2 B4 WL I, RS (GOW2 5 GOwWL) g% (GIwW2
5 GIwLD) RAEHAE N 0~ 0.5 mm FIBARRK L) &2 00, AR (GOwW2 5 Gowl) R HR
HAEHR 0.5 ~ 1.0 mm FIANAR Lol W23 0. fERRACHE, K 8D 0T FAR B AN R EAR AR &R AT
TR, (H5EY (GIWL) AR EH4EH 0~ 0.5 mm KIE4IH e S8, 0.5~ 1.0 mm (K41
R LG 2 08 . XU, 7R KE WL R, AHEHHRKELN 0.5 ~ 1.0 mm M4i K 4E, 1
FRAAEF RGN EAAN 0~ 0.5 mm BAIR A L.

R EATA 0.5 ~ 1.0 mm AR by LU v LUE Y, R4 W3 K& T, 8T (GIW3)
MR Ee 2 2 T B AR (GOW3), TERKAH W2 JKE T, G (GIw2) B & T H
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AR (GOW2), IX it W 545 37 AR 2R 4 AR SAOTCHH: o BBk, AEAKAHE WL /KRS T, 450 (GIWD)
WERT AMRE (GOWD), Js PR ] B 1Z A AF N B A I 3N EL AR08 0 ~ 0.5 mm (B4R KR A A
Lol w5, AE A3 B4R A 0.5 ~ 1.0 mm [RIAIAR Eo ol i 28

F4 BAEMNEREFEENFREREEMRRIKERRS LLAIRZIE
Table 4 Effect of irrigation on the ratio of root length with different
root diameter of own-rooted and grafted cucumber 1%

4238 Fl/mm Diameter

Z=75 Period AL Treatment

0~05 05~1.0 1.0~15 >15

ES ¥ GOW1 60.91 be 20.76 ab 7.73a 10.61a

Winter - spring period GOwW2 67.02a 1787 ¢ 6.34a 8.78a
GOW3 65.78 a 19.46 b 78la 6.94a
G1w1 58.28 ¢ 21.26 ab 8.03a 1242 a
G1W2 63.30 ab 19.58 bc 7.90a 9.22a
G1W3 60.08 bc 22.18a 7.96a 9.78 a

& GOW1 72.51ab 17.39 ab 5.67a 4.43 ab

Autumn - winter period GOwW2 75.56 a 16.29 bc 4.73a 3.42b
GOW3 71.76 ab 17.88 ab 6.04a 432 ab
G1w1 75.89 a 14.12 ¢ 5.61a 437 ab
G1W2 70.58 b 19.91a 5.38a 413 ab
G1W3 68.86 b 19.27 ab 6.05a 5.83a

T GO AN Gl I5#%: W1, R E/KEE 150 m® - hm? W2, &K AL 300 m? - hm'?; W3, A ikt 450 m® - hm?. R
FI LSD J5 243 M7, A—3AR/NE F IR R B3 (P <0.05),

Note: GO. Own-root; G1. Graft; W1. Irrigation 150 m® - hm?; W2. Irrigation 300 m* - hm™; W3. Irrigation 450 m* - hm. The data were analyzed
with LSD analysis. The different lowercase letters in the same column denoted significant difference at 0.05 level.

g ERTLUE N, fEAARTE, BARFEKE M W2 2 W1 i, FRE (GOW2 5 GOWD) 7t 30 ~ 45
cm VEFE A R K RN, R (GIW2 5 GIWLD) IR R K IR BEmDN, 4ak TR
RAER )2 LIRS A, RN ERAGHEKE WL R, R T AR SGEENES N 05 ~ 1.0 mm
AR R A . FERKACRE, WEKE S IR B0 3 AR R 1 H /M A B e, (HAE R HEK &
W1 F, nCAERGREENEA N 0~ 0.5 mm B4R KERA.

23 EXEMERSHEEHENFEMKSHARENZ N

W 5 Prow, AR W2 F1 W3 #EKEZKE R, G S BRI B RK R R TO 8 7 57
UL M EE K AT W2 FE W3 I, SHEKEMLL, G IEAR M I 8 AR R AR 1) 3
BN, (HE, EREEKE WL R, B (GIWD) M- BAXEEMKEEY B EH T H
MR (GOWL), HME 5355k 19.37%F1 36.55%. (EFKAAE, GHEIE (GIWL) 7K FI AR 83 5=
T HMR (GOWL). XULHH, FERKAAEFFHRREKE (WL, W3 n] LI T2 M 7K 73 R FH R4 n
BT H AHEAGHE KB WL R, &35 HAR T (GOWL) [ 7K 23 R IR0 40 i 35 K T 153801 (GIWDD,
IXAT e T AAF A U T KRR, AR TR R K R (1 OB B i, AR S 250y, Sk
IR, AF IR K R IE T BT R

ANTRE 7K o A BT A [ 2 4 Ab BT 6 I 7 e I d 25, (EUG 7K 43 R P 35 3R A7 A B 2 5 . B
T B A A S AT P 3 A BT B T ON 7K A3 BT K o TR AR I e v e VAR 1, K o3 R R
PIERE K WL 238w THEKE W2 T XU YK AT WL FI W2 I, K &2 5K o
PR EZR R (HE, LIRS EE RN, KRR KE W2 BT W3
o7 R o IX UL K S I — e PR R, K 11 AR R S T K 23 R 28803 1 5% e ik 559
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Table 5 Effect of irrigation on yield and water use efficiency of own-rooted and grafted cucumber

WO o % KA . N
- P 5 HEIK S Bilw/ E%ﬁ% K% FEIK T/ mm KR RS
ZE pogit (kg - hm™) =/ mm 3 2
. . mm mm - . Water (kg - mm™ - hm™)
Period Treatment ~ Commodity L Variation of soil .
. Irrigation Leakage consumption WUE
yield water storage

KA GOW1 113481b 202.85 7231 14.38 116.16 b 976.9a
Winter - spring GOW2 119 142 ab 322.79 72.31 2.17 248.31a 4798 ¢
period GOW3 120 746 ab 442,73 192.59 10.75 260.89 a 462.8 ¢

Giwl 135461 a 202.85 58.24 13.53 158.14 b 856.6 b

G1w2 135090 a 322.79 58.24 15.10 249.45a 541.6¢

G1wW3 136 163 a 442,73 169.29 3.74 277.18a 4912¢
KA GOW1 23330b 185.41 77.41 23.92 84.08 ¢ 2775b
Autumn - winter ~ GOW2 27282 ab 260.37 7741 51.70 131.26 ab 207.8d
period GOW3 27627 ab 335.34 182.11 37.45 115.78 b 238.6 bed

Giwl 31857a 185.41 77.52 20.17 87.72¢ 3632a

G1w2 32561a 260.37 77.52 42.28 140.57 a 231.6 cd

G1W3 32783 a 335.34 168.11 43.61 123.62 ab 265.2 bc

P GO HMR: GL % W1 RAHEAKN 150 m® - hm?, W2, fkiKHE 300 m® - hm?; W3, #G-4GHE/K it 450 m® - hm®. v 3l R
I LSD 5 3071, [F—3A /NG F-RORZE 7 3% (P <0.05),

Note: GO. Own-root; G1. Graft; W1. Irrigation 150 m® - hm; W2. Irrigation 300 m* - hm™; W3. Irrigation 450 m* - hm. The data were analyzed
with LSD Analysis. The different lowercase letters in the same column denoted significant difference at 0.05 level.

LRE I8 ARG, AEAWIG R K REEE A, REARRIFA R RN LR N R . RO
KEWL N, BARXEIREGE N (GIWD) KARHRCARE AR (GOWL) (K, (HIHN™
AR EE P MAKE TG (GIWL) JK AR A ) w2 v T AR (GOWD), X
VOB, GERERHIGEKE (WL R 5 1 R E R,

3 g

BR300 m® - h? ({HEAK R T, R BT 5 5 HE K (BEK 450 m® - hm?) R~ iR
A2 25 BRI o R DR A G 1 Vit e i K NI B 2 3 B R 7K 70 IR S8 TR A 338 NO3™-N 32k (Kitchen
etal., 1997; #NIFe 7%, 2002), &K ERBAD TBRE, BEMFRMEAE LRI (T
ZIMg 5, 20055 e 4%, 2007) BAEMIAERRE Pres, AIORIE TR oI R

AR RAERE Y 150 m® - hm™ KRR, SRR REBIR, AR 78 RIRK A TE I3 I B 5
RHEK & R P B 255 . X et PR AR E /K LD, H NOg-N Rt gD, 15 4
F2)2 NOg-N S B I, (RIUE TR VRSO SR R IR, T AERE T 7 o 728K 150 m® - hm
FIEK RN, B B BRSNS i, XRRDY S AT, GRS NIIR R
WA HRDH: (FRTHSE, 20060, M9 13t B RER MR REN, NG T KEBMMR AL,
o 1] 30 ~ 45 om 3R R AUHR AR 20 A S e AR, R DSOS 22 7K R A R Bl e 15
2009; ‘P55 A%, 2009), fmZPRUE TN e AL R IR N R o sy ST DAt — 25 4
I\

AR HH PR R AT R T AR RS R T 2 56 AT AT N ORI SRR A 72 1, RERINS TR] 2 AR
FUHEIEAL BN AR PRI T KR DL€ o« D T 3R I FT 4 R SEHINE, R AR Ya AR ) A 22 06 1 5 1
W R 3 WA B A RS 45 (R Do AAWTFURIL, BT BRODMAN S /KA (¥ 55% 0, 3R
FEET YRR R BRI ARG 8 B E T TR T R B GBI 45, 2010, 3%
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JICEH [ 25 7= rp = 355 7K i UIR 31 FH W) 35 KRR 210 70% ~ 80% 4 B« IR s 3 S /K AR I 41 T
SRR RAE R HFACEA 7 ) ERE, DMESRAG 2 %K (45 45, 2009). #&ERISE (2011)
RIS R, TR B R R, SHEK FER 85%4HEL, #E/K FBR 659%™ & 5 7K 4 F H]
BORWC W E ZES, BT 0~30cm 2K BN, ARG LET, LFHE GOw2,
GIW1 [IHEK T BRI 4 FF7E 55% ~ 70%. 60% ~ 70%, LIAEHERR FRARK, B mT s b /K 5 40 ) i
INREEEAEWRT K Ik AbEE GOWL [IREK FBRA 55% ~ 70%, HARILHEKE (BER 150
m® - hm?) 8%, (HREMEE T AFE AR (GOW1 % GOW2) R KAMREmR (£ 2), Ik
1 WM AN ARBE R (K5, KB IAARE PRIEKE (BRK 150 m® - hm?) KL
T B 55% ~ 70%34) A i 2 AR K .

AGRIG Y, HEATRE K AR FE T LA FK A AR FEARIT o S IFUR SR — IR KA B S, REIHRE
IR AL BT PR -3 B K GOWL 33 5 T GOW2, 32t TARME K& (37X 150 m® - hm®) $0i4
T AR TR R IR TP AE K, BE TR IR (GR 2), /KPR 25, i 145 8 47
(AT 25 7K B 5 o

TR VAR RE KB (B3R 150 m® - hm™) )3 SRR 3R BT B AR AN RIS, &R
FFER AN 0.5~ 1.0 mm FAIRAK, MRKATE K ZES 0~ 0.5 mm B4, X2 H A4
BAAEER R HT =, FTS K R EK, #EKE A, H% 0~ 0.5 mm B4R /K5
PR, ARG KOEE, M EAS N 0.5 ~ 1.0 mm IIRIIR I K (F/MVE 25, 2010); FR&AH 3K
JRF KR, B 150 m® - hm? B K B0k B 40 PR A A 77 24 ) Sk B

AR FE VAR E K B CRFYR 150 m® - hm®) o 3 JTORR 2R 45 i 25 50100 5% AN UM ] o 57K 150
m® - hm?JEKE T, &% AR RR K IR 83N T8k 300 m? - hm? KR . X
e RN A N T KK, 70 H BRI AT~ AR RE K Ui s, Bk, AT
PRAUE AR TAR R 1 R AT AR, PR K S 1 [RII,  ZEEHE RIS 1] AT AR . 1) 1 4
KA N IE AR RE K R RR DL AR B A T 3K

AR, KR AR ARG R AT, A DRERR M S — R AT P OK A HEE G Al
KWK, BRERAAR IR HE KR, WA AOK R, thoh, BT RATH S IR GRS AF T
W B IR, AP GAEHEM R K A SR 2ok, Wik, 78RBS
TE 0 HE W R AR 7 U R, R GRS IR B 4 1, R4 K o AR = R AT ROg 44

TEASRIG SE R, Ol 2 I B 8 TOM 37 150 m® - hm? WEZK BRI S RO T- AR 3R, &R
ARKAEE, AEREIA R KPR AR K = AR o WL 4 I R I BA A Wit 2 I ) — 331
A8 HAT T K e
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