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Abstract: [Objective) Effects of different irrigation methods on tobacco growth, photosynthetic char-
acteristics,yield and water use efficiency (WUE) were studied to find suitable extension pattern for saving
water and increasing yield and quality. [Method) According to tobacco water-requiring characteristics and
precipitation during crop growth stage, 10 irrigation treatments including three irrigation methods (furrow
irrigation G,hole irrigation X,and drip irrigation D) by three levels (low L, medium M,and high H) and

one control (no irrigation,CK) were conducted. Each treatment was irrigated for 3 times. Then, the effects
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on growth,photosynthetic characteristics,yield and WUE were analyzed. [Result) Drip irrigation, hole ir-
rigation and furrow irrigation had significant effect on tobacco plant height, stem circumference and LA.
Especially,drip irrigation with medium level (DM) and high level (DH) had significant difference (P<C
0.01) compared to CK. Drip irrigation and hole irrigation significantly increased tobacco photosynthetic
rate (P,), while reduced transpiration rate (T,) and stomatal conductance (G,), which significantly in-
creased leaf carboxylation rate (CE) and instantaneous water use efficiency (WUE;) with the best effects
in hole irrigation with high level (XH) and drip irrigation with medium level (DM). Under different irriga-
tion treatments,hole irrigation with high level (XH) .and furrow irrigation with medium level (GM) and
high level (GH) had no significant effects (P>>0. 05) on yield, but XH had extremely significant higher
water use efficiency (WUE,) than GM and GH (P<C0. 01). DM and XH treatments obtained ideal yields
(2 628.47 and 2 389. 85 kg/hm”) ,ratios of high quality leaves (63.5% and 62.1%) and WUE, (5. 69 and
5.03 kg/(hm’

irrigation quota 28. 8 mm) and XH treatment (irrigation quota 3. 2 mm each time,6 times,and total irriga-

*» mm)). [Conclusion] DM treatment (irrigation quota 4. 8 mm each time,6 times,and total

tion quota 19. 2 mm) were suitable for wide application,especially XH was good for water scarce areas with

poor economic condition.
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Table 1 Effective rainfalls during the study period mm
Ay ) A ) it
Month Early Mid Late Total
4 7 April — — 6.6 6.6
5 H May 30. 6 7.4 5.8 43.8
6 H June 10.7 13.9 66. 2 90. 8
7 H July 101.0 65.4 14.5 180. 9
8 H August 67.0 59.0 32.5 158.5

MR A B IR K A B AR A 41, 3 mm, BERKHA 118, 8 mm, i 320. 5 mm, 43F 480. 6 mm.

Note: Rainfall at each stage: root spreading stage 41. 3 mm, vigorous growing stage 118. 8 mm and maturing stage 320. 5 mm, and total

480. 6 mm.
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Table 2 Irrigation amounts of different irrigation methods during growth period of flue-cured tobacco
A R [T P
VEE K Ah P Root spreading stage Vigorous growing stage Maturing stage Whole growth stage
amount Frequency amount Frequency amount Frequency amount Frequency
GL 14. 4 2 21.6 3 7.2 1 43.2 6
GM 19.0 2 28.5 3 9.5 1 57.0 6
GH 23.0 2 34.5 3 11.5 1 69.0 6
XL 3.2 2 4.8 3 1.6 1 9.6 6
XM 4.8 2 7.2 3 2.4 1 14. 4 6
XH 6.4 2 9.6 3 3.2 1 19.2 6
DL 6.8 2 10.2 3 3.4 1 20. 4 6
DM 9.6 2 14. 4 3 4.8 1 28.8 6
DH 12.0 2 18.0 3 6.0 1 36.0 6

1 :GL.GM il GH 43 54 F 4 HEARK | K F i 7K Ak 3 5 XL XM F1 XH 43 5148 AR K L K Fi s K 4k 3 s DL DM Al DH 43 5148 % TH

HEMRK AR AR KA B, R,

Note: GL,GM and GH represent furrow irrigation with low, media and high water levels; XL, XM and XH represent hole irrigation with

low, media and high water levels; DLL,DM and DH represent drip irrigation with low,media and high water levels. The same below.
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Table 3 Effects of different irrigation methods on agronomy characteristics of tobacco

HERIH (B AR 38 D

Vigorous growing stage(38 days after transplanting)

A (BH#E 82 b

Maturing stage (82 days after transplanting)

kL AT R

Irrigation . E-3 A - 1 FH / m? L e A -1 FH / m?

treatments Pk / cm z@%eirim i " l%iﬁrﬁl*le/m He i /em [l /em T " lﬁiﬁrﬁlfle/m

Plant height N Effective >ing Plant height Stem diameter Effective >ng
diameter leaf area leaf area
leaves leaves

GL 31.3942.10 bed 5.50%+0. 20 cd 11 0.09240. 003 def 75.43+0.69 f 7.66+0.09 f 22 0.17140.002 f
GM 36.2542.43 abc 6.35+0. 24 abec 12 0.10640. 004 bed  81.14=40.74 ¢ 7.96+0.10 def 21 0.194=40.002 d
GH 43.1042.89 a 7.55+0.28 a 12 0.12640. 005 ab 96.16+0.88 d 8.31-£0.08 cde 22 0.18040.002 ef
M2 N
¥ 36.91 6.47 11.7 0.110 84. 24 7.98 21.7 0.180

Average

XL 23.6010.57 e 4.74420.07 de 10 0.082£0.002 ef
XM 27.2540.66 de 5.4840.08 cd 11 0.095%0. 002 de

85.30£0.80 ¢ 7.9140.08 ef 21 0.17620.002 ef
93.0040.87 d 8.4120.08 cd 21 0.20820.002 ¢

XH 34.34+0. 83 abed 6. 9040. 10 ab 12 0.1194£0.002 abc  94.77+£0.88 d 9.114+0.01 abA 22 0.20540.002 ¢

Average 28.40

71 11 0.100

wl

91.02 8.48 21.3 0.200

DL 31.7041. 61 bed

.4740.23 cd 12 0.0992£0.004 cde 106.53=£0.81 cAB 8.21=£0.07 de 23 0.18240.002 e

5
DM 35.50%£1.80 abc 6.13420. 26 bc 11 0.11120.004 abed 124.6220.95 bA  8.71=£0.07 bcAB 21 0.25020.002 bA
7

DH  42.2142.14 ab

.28+0. 31 ab 12 0.13240.005 a

136.6841.04 aA  9.2240.08 aA 22 0.27540.003 aA

SN
36.47 6.29 11.7 0.110 122.61 8.71 22 0. 240
Average
CK 24.50+0.32 e 4.15+0.03 e 11 0.07240.002 f 70.42+0.65 g 6.71+0.07 g 21 0.15440.002 g

W« R B 5 BR AN R/ 7 B SROR 22 5 i 3 (P<C0. 05) 45 A [\ K 7B ROR

BB E(P<0.01), FHEM.

Note: Different lowercase letters represent significant difference at P<Z0. 05 level, different capital letters represent very significant differ-

ence at P<C0. 01 level. The same below.
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XH J DM 4b# 5 CK 22 55 3k 2 i) i 35 K F (P<<
0.01), L DM &b ¥ fz K, 35 %) 2. 25 pmol/mmol., %8¢
CK #i5 35.54% . A —#E )7 =UF i GM ib3g
5 A 2 A 4 3R] 2% 5 0k 3K P (P<C0. 05) . B
VEE K B BGIN 7 Ab 3 WUE, AR, XH b 38 5%
K,iKF) 2. 23 pmol/mmol ; B HE 7K 5 38 i, % 3 4k B
WUE,; {55 3K — & — R B %, AR HE Ty
L 7CHE I R E AL B B E AR IR 2. 16,
2.08 Fl 1. 76 pmol/mmol, 435ll%s CK $#£8& 23.15%,
20. 192 F1 5. 6800, A Itk . 2% ¥ 7K Ak 3 2 58 A AR
e M R A K A3 R R L R E RO Ty
B,

T4 AEAERARNNEHAXESHAIZE
Table 4 Effects of different irrigation methods on leaf photosynthesis parameters of flue-cured tobacco
HE 7K Ak 3 HOLAHE P,/  EBHET,/ ARG,/ NN . AL R CE/ B s 7K 43 1 1
Irrigation (pmol » m™?2 « (mmol e m 2 » (mmol * m 2 « iz CO: dg&ifl/ (mmol * m 2 « & WUE,; /
treatment s h) s h) s h (mmol » mol™ s D (pmol « mmol ™)
GL 5.124+0.06 d 2.9540.02 ¢ 431.00£2.67 b 307.8944.56 ab  0.016 640.000 1 de 1.7440.01 e
GM 5.387+0. 04 be 3.04+0.02 b 479.16+8.36 a 322.674+11.50a 0.016 9£0.000 4 d 1.7840.00 d
GH 5.49+0.07 be 3.1240.02 a 467.48+8.85 a 317.424+7.08 a 0.017 440.000 1 cd 1.7540.02 e
S Average 5.33 3. 04 459. 21 315.99 0.017 0 1.76
XL 5.0940. 06 de 2.41£0.02 e 253.42+3.12 {B  283.45+12.78 ab 0.017 540. 000 6 cd 2.05+£0.01b
XM 5.62+0.04 b 2.547+0.03 d 405.47+£4.99 ¢ 251.754+4.92 b 0.022 440. 000 3 ab 2.2140.01 aA
XH 5.24+0.04 ¢ 2.3540.02 f 360.00+2. 64 d 311.6645.41 ab  0.016 840.000 2 d 2.234+0.00 aA
S Average 5.32 2.43 339.63 282.29 0.019 0 2.16
DL 5.374+0.07 be 2.68+0.03 cd 320.75+1.99 eA 281.67413.02 ab 0.019 240.000 6 bc 2.01%+0.00 be
DM 6.0540.04 aA 2.69+0.03 cd 360.84+2.234d 263.13+18.46 b 0.023 74+0.001 6 a 2.2540.01 aA
DH 5.79+0.03 b 2.64+0.02 cd 410.96+2.54 be 291.5649.43 ab  0.017 940.000 5 cd 1.9840.00 ¢
S Average 5.74 2.67 364.18 278.79 0.020 0 2.08
CK 5.037£0. 04 de 3.03£0.02 b 380.89+2.36d 299.724+11.14 ab 0.016 940.000 5 d 1.6640.00 f
2.3 AREKGEMNEEFERKSFIARER 5 WIR A [F] K Ab 3R B AR K B B T
A1 CK(P<C0. 05) s 4 % | 7 HE i 95 9 A8 7 1 73 0l 45

5 G5 WIR L A HE K b PR B A B
F CK., H¥3k B & & K F (P<<0. 01), H:ff DM
GhE PR LAY CK BE RS 47.19% ., T HE VA TEM
TCHE 3 AN AbFR A 7 R B 4 AR CK 255 38. 64 0,
32.01% M23.31% ., [al—#EBE )0 R, WH#EM GL
Ab 35 At 2 A Aab 3L K o TR TR A5 Ak P TR) 2% S 1
K W 2K (P<C0. 05) 5 1 ¥ L 7 Bl vEE 7K 1t 38 i ™=
ARG L3 R 7 X 43 L GH L XH . DM 4k
PR i A ey 5 T TE D3 P ROR BT L. R 5 R L X
THE VTR R E b B 1 AR L ) 43 S e K4y
40.73% ,41. 81 %A1 49. 25 % , 13k B i 2 /K - (P<<
0.05), [A]—EWE 7 =X A [ 98 7K Ak B ) 25 5 8 I
F(P>>0.05), 5% GH AbBEAh , HA4x b 217 ht 24 b 7
KR I AR AR =

CK #7 30%.18. 07 ¥ A1 20. 07 % 5 [d] — #E i )7 20 F
3L 22 F IR B E(P>0.05), %5 %0,
A KL B0 K 7 XH A3 WUE, 3 8 3% & T
CK(P<<0.05), H DM.DH & XH i 5 CK % 7
5k W 25 K - (P<C0. 01) 5 AN [) ¥ 3 7 =X 18] 3 o
DM.DH 43 WUE | & 2 = T V4 F1 o HE 45 Ab 3L
2RIk B KT (P<<0. 05), f @ fH 3k 3 5. 69
kg/(hm?® « mm), % CK &5 23.97% ., W . /X HE
i HE ) WUE, ¥ {8 73 il 8 CK 42 &5 1.53%,
4,360 M1 15,47 %, PR, 4% 9 7K A B 2 07 482 55 4
B A KO 1 7K 43 R FH AR HL DL O AR fe ok
.

25 b A e AR AR e 0 B BE A R R T
R RV L i L ) N B A e L == =
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Table 5 Effects of different irrigation methods on yield and water use efficiency of flue-cured tobacco
THE K Ak 3R PeiE/ (kg « hm %) I 45 S l:!.’ﬁﬂ/% $E K i /mm 7K§?7F'JFH§JZV%§ WUFV/
Irrigation treatment Yield Rate of superior Water consumption (kg « hm % - mm %
class leaves Water use efficiency
GL 2 297.08+32.82 dB 58.65+2.74 a 492.61+8. 15 abe 4.66+0.02 de
GM 2 378.91£13.85 cAB 61.42+3.67 a 509.47413. 46 ab 4.67=+0.10 de
GH 2 395.974+22.75 cAB 59.37+3.22 a 516.3149.87 a 4,6470.05 e
SE Average 2 357.32 59. 81 506.13 4. 66
XL 2 009.89+25.76 {B 57.80%4.31 a 437.20+10.37 d 4.60£0.06 e
XM 2 206.57+£12.50 eB 60.90+2.13 a 466.51+13.47 cd 4,73£0.11 de
XH 2 389.85+18.22 cAB 62.10+£2.77 a 475.44+16.53 ¢ 5.03+0. 14 bcAB
SE Average 2 202.10 60. 27 459. 71 4.79
DL 2 257.41426. 30 deB 62.00+4.38 a 458.32+6.45 cd 4,9340.02 cd
DM 2 628.47+£26.07 aA 63.50£2.95 a 461.67+9.57 cd 5.69+0.07 aA
DH 2 541.43+37.74 bA 64.80+2.13 a 482.42+7.12 be 5.27+0.00 bA
) Average 2 475,77 63.43 467. 47 5.30
CK 1785.79+19.12 g 42.50+1.85 b 389.34+6.01 ¢ 4.5940.15 ¢

3 W ok

F 5T 2R W Bl 1 7K 43 8 97 1 2 10 A o P A
Koo 3 R i AU ZE LR ZE AT N AR
o R TRIVE I 77 3K 45 A2 B Rk R L 25 1R B AR
S5 K AR bR AR A R B R T E B by, IR L VT A
22, LA DH 2 3SR BT 5 W] —RE W 7 =X 45 Ab B Y
Az G bRt B T K B A I AR UG 3 . DA RS
Ji 38 dCRER WD IR 4% 5 82 d (b L X — By Bt
S A R AR K IR A RE T m RT T R R A
O SHE Ay B 30 o [] B, 2 5 K SR 1 X K A IR A A
SR B BE 5 A UL B B 3 2o N (W] E O 20 K A R 4R
Ab 3 A 52 M AR R AR K B AR ) 2R A — A
Y RE Y R TR (4 (Expansis, EXP) 3 M 7E K 4 98 #2
55K A B4R T R R S 5 g
BRRELLEE ARSI AR R AR U LAY 4
it 2 S 3% had B DA AR AR O R R 4
JE A R MO A R R R AE R S
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J5 2R 38 BE K 43 9 4 A PR RE 05 1 40 R EXP 3 1
13BN TE A R I R R A K AR K
IR [v] — B 7 2 A K Ak o8 R b i AR A AR K
PR — 5 FEAR X2t T 7K 0 W 3 e A 4 T 7= AR
B PRAR A K R DAY X AR PR K 4 e IR i A
S A S R S TR A RRAE R T DA AR K R B Rk
AR,

NG 3 WO R GRS e SR A N3]
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W oxk 2K 3 4 W WAC M) T 5 8 1k 5 ORI RE K i DT AR
I TP AR 22 68 8 TR 7K A I WSR2 e HOOk
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A PR AR 5 Bk R BB SR A e — B0
NSRRI 5 Ah B AT A i 1 T
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CO, WA ZE 18 7 F h ok 3 i Bk . AL
RN—EFERE b P 5E MR OGS 1 R ZE 18 1 AT
SRS . ABPTEE R KUK AESES LT
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FA PR VE S 42 2 3 7 384 08CRT K 43 R 3R 1Y
P27 . Biglouei 4554 JIE 52, W W () A5 = A1 7K B R A
St A O 5 M A GOE M F8 5 (GRD ™
EX R BmYIPY R 0 R A BT S i
FH R L Rk e AR BTG B R RO AT
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D) A a8 J7 20F 45 BE 897K 20 98 £ BE AT 2R T
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e v 25 A0 T AR B9 2 T B BT AL LA DML DH . AR
PR A 5 08 IR 22 5 3k i 35 K (P<<0. 01) 5 7%
HE LA I35 B i A B 0 AR Y (] e
R T 78 M S R R AL B AT R R A R
7R 0 IR 38 4 e » L XH DM Ak HCR i
A

2 /AN (7] TR 75 T 978 R Ak AR Y 7 A K 4y

FIH R TV HE TN o V8 X T 00 A K e
A= B A B R T, o GMAb B 280 2R 4R X 3
e ABFEAK B R WUE , BAIK 5 T 7 45 b PR 7 4
A - E A RN K 53 ) FH 2803 A D T YA T O CHE R
WHE Horp DM Ah B AR H ) ) WUE, 4y
ik B 2 628. 47 kg/hm*, 63. 5% Fl 5. 69
kg/(hm® « mm),# CK 4255 47. 19%,49. 41% F1
23.97 %0 5 7 HE A5 Ab PR FRCZE 7 i AR I E L
S LB WUE, ¥ T8, b XH b 21 i 7™
. bW B & WUE, 4y 5l ik 8] 2 389. 85
kg/hm®,62. 1% #1 5. 03 kg/(hm® « mm),

3DV HE L CHE X AR S A i K )
FHALCR 45 T Fa bk 0 5% e B 38 O T 3 v, G vl o v e
FEREBEAL S DM (Ko &b 38, BV 20 30 38 K o %
4.8 mm. AT WHEK 6 W HEMEE A 28. 8 mm,
o B AE TR ONE B AR RE WA U XH G
KO AL B, Bl B U E K E B 3. 2 mm, 4k T IE
7K 6 R MR E A 19. 2 mm, FE T S5 18R 25 i oK
X B ARG a4 T,
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