=3 s
AR K2R 2026,49(3) :531-540 http ://nauxb.njau.edu.cn %
Journal of Nanjing Agricultural University DOI:10.7685/jnau.202501004 =

XGZE 2 g BT, 45, JC RSB UIAE 3 AN ) A B B i BB B A K AR ST [T ] M Al R 2244, 2026,49(3) :531-540.
Liu H H,Li Y Y,Xue J P,et al. Research on optimal water content for cut chrysanthemum at different growth stages in soilless cultivation[ J]. Journal

of Nanjing Agricultural University,2026,49(3) :531-540.

EXBEBVNRHFIARNEETMRNEREESKERR
AL B T R R AR BRI

(1R R AR KR T 25 2B /AR s A 5 50 5 B8 A F £ [ 5 05 520 %=/ 4R b AR AN R S5 i e b
TSI VT AT 211800 ;2. FF i KA Y= WA IR ], = F FFE 661600)

WE.[ B A ETEWBYIAES &4 TR R TUE K & &, W YVITE 4 /K o RS i 5 SRR AR 22 AR I . [ ]
DL LR B4R R BEAR/NE B L B2 W 7 o S BRI R IG ARL, RS IR AR K BRI AL RS R R 3
ANEF R BT K A i 4 P DX JR] R A B (4300 A 2 5T [E] K 20 10% ~25% ,25% ~40% 40% ~ 55% F1 55% ~70% ) ,
BRAL B Z AN A AR A K A BER B PR T8 A2, USSR R RIZK 43 2 e DDA 45 AR 4 WIAE S SR ARUK R R G520, [ S5 11
TEA 25 B T BOW BEFUK 73 T RN R] A2 8 3R AE R 3T S K AR REAE H R4k B2 09 40% ~ 55% B, VIAE 4G 3k B fe A A=
RARZS s BEAAEZE MBI 18 BK AP TE R RN 40% ~55% 1 55% ~T0% 2 A IX [6] ; 2= 4575 I K3, YIA4E 34 X6 /K 23 438 g
PEE— I8 FE 25% ~40% 40% ~ 55% I 55% ~T0% 3 A& /K KA BT RE AR F5 R AF AR KA, dE—0 0 2 B, e iR e 1Y
FAF W B YIAEAG 7K 53 R SR B SE RN 3 K S RIS K R SR I 4R . AT IR AR IE B 2B ROR B a4
TR A K R R A A IS B A T BB, W] AR BOK AR R, [ ]S AU F M B A K
ARSI GF 46 7 AR FR R K 53 e BE R B A5 (0 B 4525 6 00 R g s 3 R A RO R B 0 Bk £ T TRk &=
) 40% ~ 55% , 152 AR RETE 40% ~ 55% & 7K &, T AR B8 I HA U] 81 3% 28 259% ~ 40% , % 0 19 B LA T RRRE K 1l o
FirE K41 33.93 Lom™> FEAMEI] 54.73 L-m™ FEFFNE K] 84.85 Lom™,

SR LA ; SETUAR G T 19K K AR R R

FESES . S682.11 XERFRES A X E 4 S 1000-2030(2026)03-0531-10

Research on optimal water content for cut chrysanthemum
at different growth stages in soilless cultivation

LIU Huahao', LI Yingying' ,XUE Jianping® ,ZHAO Shuang' ,HUANG Wuwu’, CHEN Fadi',
CHEN Sumei' ,ZHANG Fei' ,FANG Weimin' , GUAN Zhiyong' "

(1.College of Horticulture/Key Laboratory of Crop Genetics & Germplasm Enhancement and Utilization/Key Laboratory of
Landscaping, Ministry of Agriculture and Rural Affairs,Nanjing Agricultural University,Nanjing 211800, China;
2.Kaiyuan Tianhua Biological Industry Co.,lid. ,Kaiyuan 661600, China)

Abstract ;[ Objectives ] This study aimed to determine the optimal substrate moisture content for each growth stage of cut
chrysanthemums , providing a scientific basis for precise water management. [ Methods ] Using the main multi-head cut chrysanthemum
cultivars ‘ Nannongxiaojinxing’ and * Ridost White’ as substrate cultivation materials, four experimental treatments were set with
different substrate moisture content intervals ( 10% —25% ,25% —40% ,40% —55% , and 55% —70% of the substrate field capacity,
respectively ) during the vegetative growth stage, floral bud differentiation stage, and flower bud enlargement stage. Adequate water
supply was ensured during the rooting stage outside of these treatments. The effects of different substrate moisture contents on the
growth , cut flower quality, and water use efficiency of cut chrysanthemums were compared. [ Results] The water requirement of cut
chrysanthemums varied across different growth stages. During the vegetative growth stage,the optimal growth state was achieved when
the substrate moisture content was maintained at 40% —55% of field capacity. After entering the floral bud differentiation stage, the
suitable moisture range expanded to two intervals:40%—-55% and 55%—70%. By the flower bud enlargement stage,the adaptability of
cut chrysanthemums to water further increased,allowing good growth within three moisture ranges:25% —40% ,40% —55% and 55% -
70%. Further analysis showed that,across all growth stages , water use efficiency significantly improved as the relative substrate moisture

content decreased. Under the premise of ensuring normal plant growth and development,reducing the substrate moisture content to near
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the lower limit of the suitable range for each growth stage significantly enhanced water use efficiency. [ Conclusions ] Considering the
growth performance at each stage, the cut flower quality indicators at harvest, and water use efficiency, the recommended irrigation
thresholds for substrate cultivation were as follows ; maintain the substrate moisture content at 40%—55% of field capacity during the
vegetative growth stage,keep it at 409%-55% during the floral bud differentiation stage,and adjust it to 25%—40% during the flower
bud enlargement stage. The corresponding optimal irrigation volumes per unit area were 33.93 L-m™ for the vegetative growth stage,
54.73 L-m™” for the floral bud differentiation stage ,and 84.85 L-m™ for the flower bud enlargement stage.

Keywords : cut chrysanthemums ;substrate cultivation ;drip irrigation ; water conservation ;water use efficiency
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A A X L o Bt U e R S K A TR L DA R ) K 2 9 40 E A R R AR Ak SRR Rk 4y
(18 SR e v, SR VA o 30 MR T R 3 O DRI - R 15 (0 7K o4 BB BTG v 4 T T3
k¥ WEIERA, T N AE VR P AE L TR A UE R A I T B B 29 o H TR FEOK B Y 40% ~
60%" """ BEE YIAEAE TC - ARSHE A HE T N, iR A R A B SR K M E BT R

ARG FETRE AR — R B A5 F T | i B R R AR B 1 B SE K B s A B EG , 25 & VIR 4811
ARAERS IR S BT BOK S R 2 RGEIRGT LIRS VG4 4 4 B W0 s R R 18, B A b DI AE 46 1Y
IR NG FRER LR A

1 #RERFE

1.1 REEKNER

REE T 2022 47 = A TR RAEA Y 7=\ BR 2 AR = R JF e,z TAuss 230437, R &
103°27" Y64k 1 300 m, F- P41 EE 19.8 C , AP H4IR /K & 2 850 mm , 4F 378 & B 2) 2 039 mm, I H
REER TIZE XM, IREK 16 m, 5% 9.6 m, THE 5.0 m, B 4.5 m, mdER . N 12 S0 KL Tkl
FEFAE N 14.2 m, 58 0.35 m, IR 0.15 m, BEAIE RO 4l 2 S50 HEAE . PR L I o HRRR 22
BAERA (B 1:1:1) AT R O0.11 g-em ™ FEFUSFLBRE A 77.5% , EC {4 245.6 ws-cm ™, pH {H
S 5.32, H )47k & (LR AE FE /M A S | 28550 24 ~48 h FARHEK BERS AR 4 I B KoK 4 B i) 1y 0.314
m’em™ o
1.2 Rt

AAEFE LA (A RE 7K 5 1 A 53 OB AR /s 48 hs , 0 BIFE VT AE 38 15 2R K AR 2 I FIE RS g K
IR A 4 PP DX TA) S 5T 35 7Kt (AR5, A /K oA B A BT 8] A B B 2B G i, DA I i B B i 45 28
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I, S XHUIAEAG B SR an B R T 7 A W2 IR 5 0 Y 28 BT B /K s 4E 47 7E 40% ~ 55% 1) H [a] 47 7K £ i
PR, DAL 24 AR 2 i 132 2 B R AR A ROIR A FR IR 43 X TR) RE A il 2 HLAE TR ok ™ LTt
JIT A TR0 A0 T 0 5 o /K B 4 i 7 R IRk Y 70% AR . #FgE 3t 12 #ksiRes (3% 2) |, Aitikse
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BRI BRI FE AR , Y58 —HERFAE 40% ~55% 1 B TRk ko 7R AR AR, 24 s A BE UK 70 2R A RERS 12 25
PR RR I AR AR ARG 5 DR ZE DI R T4 S | 2 K0 A HEE 2 ~ 3 UK, R4 RE JBTK 4375 H ]
KB 60% ~80% ., EEALEE 3 AN 3L 36 MR/ NX, B/ NXRAE 100 %, BREE FTHEES N 10 em,

®1 HHEEFTHORSITE

Table 1 Classification criteria for each growth stage of cut chrysanthemum

A= SE b
Growth stage Defining the standard
AR UIAE A 1 AT A 2 AR A MRS AT 1~ 2 o i S A AR
Rooting stage The stage from cutting insertion to the survival of the cutting with 1-2 new leaves emerging
- ” W4k PR = 24 40 em RIKEHAATHRE H BRAR IR 8 TR A KA
e K HE RIS TR A AR R R 29 40 om BIRE3EA T4 H BAL BN E IR £ K

Vesetati th st The stage from the end of the rooting stage until the plant reaches a height of about 40 cm,
egetative growth stage . . .
8 8 & just before short-day treatment is applied

BIRA RIS R YIE W LR 4 mm W AE2F MBI

The stage from the end of the vegetative growth stage until the flower bud becomes visible

AEZE A

Flower bud differentiation stage .
g and reaches a diameter of 4 mm

AERF IR AEZE S LS AL SN 1~ 2 BAEMTT O AL I R
Flower bud enlargement stage ~ The stage from the end of the flower bud differentiation stage until the outer 1-2 layers of petals begin to open
RAEH R FIEEHRE DAL S HEACRALH] , AT RIL
Flower picking stage The stage after the flower bud enlargement stage when the cut chrysanthemum enters the harvesting phase
TE: 1) AWFFER AL B 0130 0 U8 B UIAE S5 e Sk Aol 28 22 4R AR 77 SRR UG IE HL— LAY FRObRHE ;2) RAEI —f8h 3~7 d, IR, K o3
EHF AN R

Note:1) The growth stage division standard adopted in the research is derived from the standard used by the leading enterprise of cut
chrysanthemum after years of production practice;2) The flower picking stage is generally 3—7 days, the time is short, the water management
flower bud expansion stage.

x2 FREBEBMURHKILERE

Table 2 Water treatment scheme of cut chrysanthemum at different growth stages %
EEEENS P2 i »N ]
JiSL] Vegetative growth stage Flower bud differentiation stage Flower bud enlargement stage
Treatment —je 43 o g Koy R Koy FIR Koy 1 KRR Ko ER
Water lower limit Water upper limit Water lower limit Water upper limit Water lower limit Water upper limit
GIW1 55 70 40 55 40 55
G1W2 40 55 40 55 40 55
GIW3 25 40 40 55 40 55
G1wW4 10 25 40 55 40 55
G2W1 40 55 55 70 40 55
G2W2 40 55 40 55 40 55
G2W3 40 55 25 40 40 55
G2W4 40 55 10 25 40 55
G3W1 40 55 40 55 55 70
G3W2 40 55 40 55 40 55
G3W3 40 55 40 55 25 40
G3W4 40 55 40 55 10 25

T ZE T K TR K BB T4 EE

Note : The matrix water content was the percentage of field water holding.

PLZ Sk FARUIAE G i b ¢ R /NG B RN B 2 00 10 VR g A e, DI B I R A A=
VAT BRI R SRR . R /NG AL AR 5~6 om, B 4 ;B2 HRR ) 3RS 6~7 em, B
M5 i, 2R UI4E4E T 2022 4 4 7 21 H R B A 7 X HEAT FR A AR, 8 A% B 100 AR - mT,
5 H 3 HIFGRHEATK 03,2022 4F 7 H 18 HUIMEAG RALSG 45, AR 3G B A e ¥ il ik B K
BBt H (20:00—02:00) 1 200 W FIHUATHME 6 b, (HUIES5 A0 e H RIS T 28K &3k 40 em B iE4T
Ji HHRADHE 4 H (18:00—08:00) FTHFHESRIR, K KT 14 h, B RAELE A2

AR L 0T R] 457 7K 5 1Y 43 Lo e 6 R B R B 5 K i, SR FH &R R £ 2% ( CR1000X, Campbell
Scientific Inc., USA ) FIH 38 iz 5 3 S4B 75 7K &A% 8% 4% (CS655, Campbell Scientific Inc., USA ) 52 A W I &
B RS K, B H 09:00 A1 16:00 £ A — IR AL AR EE , Y 2 BT R B 7K I 220K 73 ab 2T FR
I HEATHEME , FEWE 2K S b PR B RR , SAL AR K TSR 5 1= (6,-6,) x0.314xVx1 000, X
I AR A K i (Lom ™) 560, R7K A3 1B (%) 56, KA B R BR (%) 50.314 S EETTK 53 A H
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B HE /K B B A AR R S K (m e m ™) 5 VR B B B AR R (m? ) 51 000 FH 6 500 A S7 5 K (m*) %
AT (L) o L it AE 25 R A B R PR E A R AT 7K A oG At 4 0, DR 25 7K 40 A 3R 1) R T R
TR K A LR 1 DX ]

1.3 HIEXREMBEAE

1.3.1 ERKSBIERE  FETUK I EUE b Es R AR A8 5 23 Bl S 58 B AR R 5 /K AR SR AR AT 3
KRAE | REEPCR M4 30 s RAE 1 IR, A7 30 min A1

1.3.2 VIFHEKIEBWRUE 7000 TARM B FRER L2 LB RAETS B R 45 3 i i 2 U] 46 28
Rk = LR R R bR . RN B A5/ X BEALEEHL 9 BEVIIE4E ,3 AT 4L 27 #k B TP Mk,
R R /INK R 5 BRYITEAE |3 AT 30 15 0K, AT MR MR IBORE | 0 7 B - T B ek i 2 A T 8

B e DA PR L I 1A 2 A K A T SR A RO R =7 (em) o 254 AR R 1] 1 30 em AbY
B (FEBRAET 60 em I 5Pk e v B A2 8 1Y BLAR ), SR FH AR - RGN & 208 (mm ) o SRR 720 B bk
FERR R I R B, SR N T4k, Bpk it T R . BRRRAEL AR 43 i JR T R 0 SR A S AR R A
Image-J BN 2 AR I TR (em®) o AR T A0 1 S . AR R M 350 5 M R 35 20 5, H T 3 R 2K i 04
JEHET 4 B e AR ZE I AR b A EE R 7 G R A RE S BT AN OA 105 C AR R
30 min, FFECA 75 CHEIBMAR AT B EESEHRHETHE(g) .

1.3.3 VIFEFERVNESHE T UL R AL BORE T 221805, AL %/ NMX B
PLIEEL 9 ¥k ,3 A EE , ILME 27 Mk A5 A RAEARE R VAL A UEA TR R SR Y fE e o, A1
AEFRI 1L 9 B, AEAR  BARRAE RN 3 i R AR DN L B AR SR s R RO E 4642 (mm ) o AE2=%0 . BRRRAE
PR EBAE A 2 R HB 55 om AL AE SR, R N TR, B sR DI AL G 5 s VI 463y AR 1) R B
75 em VERYIE , KERVIEIRTZET 20 em B9, 10 A48 —SRARFL, IR RAAEAS A 0028 B 1
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14 KEOFMABARTERE

SRR AT T IR A RE A > AR IR A AR 1, JC T % B T KNG IR Z B T
T, THEAKCET=1+(W,-W,) . X ET UL A B RO B K S (L-m™) 51, AEE B
K (Lom™) s W, Bl W, 500 iz A B A B IR EE Bt 7K & (Lom ™)

TEWE K SRR 40 R I A R IWUE = Y/1,; WUE = Y/ET, U0 . IWUE S YIAE 3 HE K
FIFHR (g L") 5 Y N UIAEAG I S I AV W e i B BB K i (kg - m ™) s WUE VIR K IR (g L71) |
1.5 HEZITSHH

K Excel 2019 BT8R 1O Ge T FALEE 2R FH SPSS 25.0 BB EA T B 28 0 25 40 W il 22 57
1B E RS ( Ducann’s ¥, P<0.05)

2 ZRES

2.1 ARSIk 5 40 I X )4 3 B R A B B2 0

2.1.1 EFERKEKSLEXMTIEFERKWIME k3 vl A, LS KE B EZ WU EFRAE
K, HKAHEL(GIW2.GIW3) T, R/ A B ZHEE A PR = 2438 B dae i /KO, Hop e/ &
B AR KB (GIW) T Rk m s K AL B ( GIW2) B FRAE 12.67% (P<0.05) T B2 Wi r 16
K5 KA PR TE B R (RKALBE(GIW4) T ,2 A Ak & 24 B LT . S5 K
SRR W30 Bk IR AR PR (GI1W4) T2 2 A S A A ZE K 20 531 R B 26.07% 1 16.32% , i I8 T Al
AhFR AR PR S KA B TE B 25 5 R AR DT T, K A R AL BT BRI RO B 25 5 (BIRK
AEFR(GIW4 ) f 2 i AR AN, 2 A St i Sk i T AR 0 5008020 30.14% F11 20.90% , “ mA IV B 1Y
25 e R Y B A R i X K A A B A R R GIW2 AR BRAYZE M AR R, A ) R (6.45+0.77) FI(21.17+
2.74) g, B GIW4 AL FRER ) 43.419% 11 43.03% , 1M * Fi 22 008 11 ANFEAROK AR B R AR 4 o Wl 25 PRI 2 A4
FhPARGE AR TR 225, TERBERS6EH—5, G1w2 MBS EMEM ., 4L, GIW3(H
KL TR 5 GIW4 (/K b B ) M A= K, 10 GIW 1 (K AL FR ) X ¢ B A /NG B 7= AR 4 4
G1W2 A FH (40% ~55% W [A1FF7K 5L ) 7E 2 S A Y 25 e bn rh 23R 30 Hh e KA K 1, W 40% ~ 55% 1) 1
B HE7K B R DI AE 2 8 37 A K I SRl /K 43 X [T
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Table 3 Effects of different water treatments on phase growth quantities of cut chrysanthemum at vegetative growth stage

Al AOMEE B em M /mmo HERIREC MERITER em?  EBFE/g MR/ MREEEg ETHg WTEg M/
Variety Water Plant Stem Number of Leaf area per  Fresh weight Fresh weight Fresh weight Dry weight ~ Dry weight ~ Dry weight
treatment height thick  leaves per plant plant of stems of leaves of roots of stems of leaves of roots

FR/NE GIWL  30.33x1.26" 2.28+0.23* 12.17£1.23%  221.3240.15""  5.6920.56™" 16.86+2.07" 1.15£0.39* 0.81x0.18*" 1.56+0.56" 0.16+0.07*
Nannongxiaojinxing ~ GIW2 ~ 34.73:1.45 2.57+0.25* 13.00£0.75%  283.29+27.51° 6.45:0.77% 21.17£2.74* 1.34x0.40° 1.00£0.13* 1.93+0.22* 0.210.05"
GIW3  31.45£1.84% 2.39+0.19%  11.67+1.15*  239.80+66.67* 5.26+0.54" 15.81+2.24" 128+0.35* 0.78+0.06" 1.530.27" 0.18£0.05"

GIW4  25.61£2.22° 1.90£0.28" 11.00£1.75%  197.88+14.26" 3.65x0.42° 12.06+1.52° 1.08£0.22* 0.59+0.08° 1.20+0.14¢ 0.15+0.04*

STEZE S| GIWT  34.29+1.50° 2.73x0.26* 17.00£0.56*  252.89+50.39%" 8.03x1.10* 17.511.67" 1.19£0.13* 0.93+0.14* 1.44x0.27°> 0.14+0.08"

Ridost White GIW2  36.01x1.38% 2.88x0.26° 17.33:0.44%  272.68+22.91* 8.90£0.76 20.02+1.18* 1.37+0.27* 1.12+0.11* 1.92+0.20* 0.18%0.03*

GIW3  33.76£1.62° 2.79+0.35% 17.67+0.94*  240.59+30.89* 8.21+1.29° 16.77¢1.93> 1.25:0.39* 1.00£0.20* 1.47£0.30® 0.15£0.05"

GIW4  27.74x2.06" 2.41x0.21" 16.00£1.06*  215.70+21.38" 5.24+0.68" 12.16+1.63° 1.12+0.18"* 0.68+0.07" 1.05£0.14> 0.16£0.02°

T B IR KA K AR PRI B A 1 i 45T 45 A 178 35 A8 R 25 TR AR A PR AR D) o (0ol 2 A AR A 45 SRR A A PR A g I Bt L[]t T
VB 5 AN R R R R 22 5 W 3K (P<0.05) . FIAl,

Note ; The phase growth quantities of growth indicators during the vegetative growth stage equals the measurement values of growth indicators at the

end of the vegetative growth stage minus those at the end of the rooting stage for each treatment; for the same variety, different letters

following the data in the same column indicate significant differences( P<0.05). The same as follows.

2.1.2 HFFUEKSLENEFERKBRN  7EL 0], G2W1(55% ~70% ) Fl G2W2 (40% ~
55% ) ALFRT |2 AN SRR A4S T A K AR PRI I, HL 2 NACHRRIC B £ 5 MK REE G2W3(25% ~
40% ) ALFRI, < AR /NG LI Bk 5 R ZEHEL 43 0 R B 13.10% Fil 36.26% 1 ¢ Jii 2 R 11 ALAEAK AR E
G2W4(10% ~25% ) RE BN, B i A ZEMIA W B FEAR . AR ZF 0 IUI A SRR ik ORI i i RO 7K 728 A AN
JB,G2W 1, G2W2 Fll G2W3 Ab BRI B = A2 M TC I 3 25 5 (R AE G2W4 AbBEF |2 A 5l Bl i) Bk i 7 50
TR R, DIAEAG AN TR 4 B RS K 0 B SRR PR A7 AR 22 57 - I 68 X8 /i 20 i B D B0, 2 A w7
G2W3 b3 RPN R, T 2E B F A G2W4 Ab B 58 25 T R A6 28 401 30 190 R 6 o R0 AR T EE 0 K 43
U, %K A A FRIRI T 835 25 50 G2W1,G2W2 Ml G2W3 b =E M TEIL B EZ R, KK E
G2W4 AbFRIy  UIAEAG I ZE T R ERRAR, £ b, UTAEAG AL 25 3 A0 2% AR K B b 1k B B RS 1 7K 43
X 8]2A 40% ~55% F1 55% ~70% .,
F4 FREKGLEXNIEFET HLBAM R ERKENZT
Table 4 Effects of different water treatments on phase growth quantities of cut chrysanthemum

at flower bud differentiation stage

A AOMRE BE/em  ZEM/mmo BB bkeREREYem? EEfE/g WEE/g REEg ETEg WTEg RTEg

Variety Water Plant Stem Number of Leaf area per  Fresh weight Fresh weight Fresh weight Dry weight ~ Dry weight ~ Dry weight
treatment height thick  leaves per plant plant of stems of leaves of roots of stems of leaves of roots

RN R G2W1  36.93+1.60* 0.91£0.37*  8.33+1.90*  804.27+109.33* 8.68+2.07* 15.07+2.47* 1.89£0.9%° 1.79+0.32%" 1.17£0.19* 0.3420.14*

Nannongxiaojinxing ~ G2W2  39.17£2.85* 0.77£0.17*  7.3320.77*  804.64£90.71*  9.31£1.22* 15.29+2.58* 1.94+0.34* 2.09£0.25* 1.30£0.21* 0.3520.06"

G2W3  34.04+1.88" 0.58+0.29"  6.00+1.33*  692.88+69.09*  7.59+1.82%" 11.90+1.88" 1.77+0.98* 1.68+0.20> 1.03+0.17*> 0.32+0.15"

G2W4  31.56:2.41° 0.42:024° 3.00:1.00" 587.45:64.02° 6.69:1.77" 10.88+1.27" 1.88+0.71° 1.65:0.12" 0.93x0.11" 0.32+0.13"

EE2 R G2WI  54.02+1.36% 1.29¢0.21* 12.00£0.77%  822.95+43.59* 20.58+2.31% 27.3324.55* 2.9220.76" 3.29:0.44% 2.13£0.44* 0.44x0.13*
Ridost White G2W2  52.84+0.88 1.21£0.23% 11.66+1.04*  754.44296.04* 19.94x2.01* 26.22+6.17° 2.340.54* 3.22+0.49* 2.44+0.33* 0.37£0.09"
G2W3  50.22+1.49" 1.17+0.27* 13.66+1.04°  844.95+¢45.91° 19.15:1.44° 20.63x2.37" 2.72:0.38" 3.11:0.24* 1.69:0.21" 0.43+0.06*
G2W4  40.24x2.20° 0.55:0.19"  5.66+1.26"  432.32+120.08" 9.83+1.77" 9.97£3.92¢ 1.69+0.35" 1.89+0.48" 0.94£0.38° 0.31x0.05*
W AEZE I A KA AR B B AR A 1 55 45 A BRAE 28 20 A I 225 SR A S Pl 2t {0k 2 7 75 A6 K 0 285 s 2B AR bR il A

Note: The phase growth quantities of growth indicators during the flower bud differentiation stage equal the measurement values of growth indicators

at the end of the flower bud differentiation stage minus those at the end of the vegetative growth stage for each treatment.

22 TEBXEAKSSEXIEHERKBZM R 5 PR, VLS EE I K 8 7K 53 il X 8]
I CEER/NE R B KIRRAE G3W . G3W2 FIl G3W3 AbHH[E| TC B 2 5 MK P E G3W4 AbBiK
S BRZEHHSL  HAAE AR A A2 4 5 0 2 PR AR, (A K A 3BT R AR /NG AL R 2B AR K R T B 2
5o CERZ TR IORE SRR G T AE G3W3 AP B 3E NI (P AFEARAE G3W1.G3W2 Ml G3W3 LhH
] JC I 5 2 5 s G3W4 AL PR bk ey ZEML AN AR I T R, AR AR, IR 2R 7E G3W3 AbHE
T, BARPE R (21.97 em) W AR TRK AR, (R AR & S E A 2 (104.95+5.39) em , M i RALZE R ) e (1%
FRUE(>T5 em) . BEAM, FEFE I I A ML i o X0 46 46 I 10 B ) s i B AIK . 2558 LA B e, 6785 1 K00
1 t5eids K 43 DX 8] A 25% ~ 40% 40% ~ 55% 1 55% ~T0% ,
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RS5 ARG LBEXYIEFHEER KB RERENFIT
Table 5 Effects of different water treatments on phase growth quantities of cut chrysanthemum

at flower bud enlargement stage

A KW BE/em ZEHl/mm BERHREC AW ER em?  EfE/g WfE/g REfE/g  ETEg WTEg BT/
Variety Water Plant Stem Number of Leaf area per ~ Fresh weight Fresh weight Fresh weight Dry weight ~ Dry weight  Dry weight
treatment height thick  leaves per plant plant of stems of leaves of roots of stems of leaves of roots

MANER G3WI  28.04x2.13* 0.50£0.38"  8.00£1.00°  256.80+44.53* 4.95:1.73" 4.35:1.20°" 0.62£0.23* 1.68+0.27°" 0.57£0.25" 0.130.07
Nannongxiaojinxing ~ G3W2  26.11x2.16* 0.24£0.19*  6.67x0.29%"  269.17+16.11* 7.28+1.43* 6.88+1.55* 0.82+0.13* 2.41:0.35* 1.08£0.42* 0.21%0.05°
G3W3  25.21x1.87% 0.4820.24°  6.00£1.54%  129.75£68.33* 6.41£1.52° 5.60£0.97° 0.58+0.18* 2.180.46° 0.73x0.17* 0.11x0.08*"

G3W4  19.3242.46" 0.33x0.23*  4.00£1.73"  89.92417.87> 3.42£0.92" 3.18+0.80" 0.32+0.13" 1.30£0.18" 0.35:0.16" 0.06+0.04"

fLEZi LS G3W1  29.37+2.42% 0.45:0.21°" 6.00+1.16*  163.24+32.20° 8.11+2.31* 9.08+2.53% 0.78+0.24* 3.11x0.58* 0.90+0.14* 0.36+0.06*
Ridost White G3W2  26.98+2.05" 0.39+0.25" 6.67+2.60%  140.34+44.68° 7.91+2.58" 9.44+1.87° 0.68+0.18* 2.72+0.86* 0.81+0.16* 0.32+0.07*
G3W3  21.97+1.78" 0.610.15%  4.67+1.42*  123.90£33.36°" 8.20+1.29* 8.15+1.59* 0.37+0.23> 2.80+0.73* 0.87+0.23* 0.29+0.07°
G3W4  15.44+1.17¢ 0.19+0.20>  3.00+1.76 71.39+26.43"  3.42+2.39" 6.09+2.10°  0.22+0.43" 1.30+0.52" 0.65+0.18" 0.25+0.09*

TE AN T A R AR bR i B K i 45 T 25 b BHAE 78 N8 R 25 TR A A R A I (9 25 48 2 A3 P B 5 RO A R ) 1
Note ; The phase growth quantities of growth indicators during the flower bud enlargement stage equal the measurement values of growth indicators
at the end of the flower bud enlargement stage minus those at the end of the flower bud differentiation stage for each treatment.

2.3 AREFEHMEBRKS BRI @RI

DIAEAG R AEAT AR EOR B D) A6 i o S DI AR /0 Y J B8 AR A, ph 3% 6 ) UL FE 3 3R AR I,
SR/ GIW4 AL BEAE S BN B AU AR T AR T AL BE T GIWT GIW2 Fl GIW3 Ak PR )
A SR AR TC .25 25 5 B 2 e 1 ANAE GIW4 K BRIN AEAR 25 FRAIR, HoA T8 bR e 45 Ak BRI PR 15 A5 E
TEAEZF AR, F AR/ B B VIR TR R e 45 A BT T (35 28 5%, T G2 W4 A 3R B 35 AR 1 B 2
FrE BB IR, AR IR, G3W4 AL 35 A% 1 pg A/ B A AEAS R SR D) AL B =, O
H IR 28R 1 RAEAR AESB0 SR UI A S E LA S AE T R 2 TR BRAETR I IR G3W4 (fik
7K ) Ak BRAE AL I AT HORE 55 BE W 2, SR AE I AE 38 A1, oA 2% b B A4 48 30 T B2 AR AR 30 0 I {8 22
St LR b AT IR FOK S AT H K 8 19 25% 0, VAL A 1) i BT HE bR AN 52 1 20

R 6 FREEFHMERKSAEIYIIEE S MBI tRH &0

Table 6 Effects of water treatments during different growth stages on some quality indexes of the cut flower

A K534k 3 1642/ mm VIS PR LT /g T H/ g T H/g
Varioty Water Flower Number Fresh weight of single Fresh weight Dry weight

? treatment diameter of flowers bundle cut flowers of flowers of flowers
FAR/NG: B GIW1 10.31£2.34* 15.00+2.94* 510.44+38.13% 4.15+3.91° 0.60+0.54*
Nannongxiaojinxing G1W2 9.65+1.11° 15.33£1.57¢ 543.50+23.41* 3.96+3.10° 0.57+0.44°
GIW3 9.72+1.02° 13.44£2.00% 520.75+34.71* 3.18+1.31* 0.41+0.17*

G1wW4 8.42+0.86" 11.89+1.37" 446.59+40.15" 3.29+0.38* 0.46+0.05*

G2W1 11.99+3.40° 13.78+2.44* 496.26+46.80" 3.62+2.00° 0.53+£0.31*

G2W2 11.2£1.97* 13.78+1.96" 516.86+26.06" 4.16+2.17° 0.59+0.32¢

G2W3 12.92+3.94° 16.00+2.24* 481.13+£31.35¢ 4.10+£2.65* 0.56+0.35*

G2W4 12.92+3.20° 14.22+1.49° 504.51+47.57* 3.07+1.70° 0.43+0.24°

G3W1 10.58+2.64% 17.22+£3.70* 514.55+53.89* 3.25+2.26" 0.45+0.21*°

G3W2 11.27£1.28* 15.11£3.18" 500.25+36.52 3.99+1.44% 0.58+0.22¢

G3W3 10.20+2.08% 16.13+2.85* 542.83+28.36" 2.64+1.96™ 0.44+0.17*

G3W4 8.14+0.82" 16.44+1.59° 444.57+38.90" 1.40+0.51° 0.26+0.12*

T 22300 GIW1 15.86+2.57° 30.63+4.06" 671.83+48.42" 13.32+2.84° 1.87£0.34*
Ridost White G1W2 14.93+1.61° 28.75+3.20% 693.58+37.26" 12.37+2.44* 1.71£0.28*
G1W3 15.90£2.14* 23.88+2.48" 709.25+31.47* 13.00+1.59* 1.77+0.65*

Gl1W4 14.57+1.24* 22.75+3.25" 658.66+25.14* 14.95£2.53* 2.09+0.94*

G2W1 15.94+0.92 29.38+4.07* 651.26+31.61* 9.74+3.33" 1.31+0.50*

G2W2 14.85+1.75% 32.88+5.22¢ 704.95+43.01° 14.07+3.79¢ 1.79+0.49*

G2W3 18.20+2.23* 25.25+3.41% 711.00+34.56" 11.86+3.50 1.53+0.44¢

G2W4 14.75+1.14" 20.88+3.69" 691.45+20.92¢ 11.54+2.95% 1.43+0.38*

G3W1 15.00£0.97* 30.75+4.70* 679.55+32.33% 15.22+2.26% 2.07+0.29*

G3W2 15.54£2.04* 28.00+£3.01* 730.98+53.30" 12.48+3.38° 1.63+0.42°

G3W3 14.71£2.09* 24.71£3.73% 671.87+24.49* 12.92+2.74% 1.81+0.44°

G3W4 10.14+1.16" 20.38+2.84" 605.88+27.00" 5.52+2.19" 0.99+0.38"




537

&

CERE XAezE 45 0 R UIE 4G AN R A 7 B BOAY 2 0 B K A

2.4 AEEBHKSLERFVIETEK S FIBEHZNE

241 ARKSLEXNEEETHWAMEREKENFRKENOEM  HE7 08, DIEHSEF M3
A7 T ARV 7K SRR 7K 2 2 B S0 7K 43 B S 15 2 3 3 e At R B/ IMK YR AR RS I R B A6 28 o1
W UEFRAERI, HE AR B 22 5 W3 . A T BVE K 8 5 FEZK & 10 ¢ R AE AL 3 (] SR IS [A] . =5 7k Ak
FHOWT AT W2) T B 5 TBUREZK S AR T B AL i RURE /K i, By T AR FE /K i 249 i VK 1Y 91% ~ 98% , 1T
AR AL BE (W3 F W) T A8 B T AURE K f i T 57 1 FRE K, B T FRRE /K B 24 ] HE /K 1Y) 112% ~
127% ., X Fh 2252 U5 T e 7K A B DRI FEAS VE LK TE A 2.68 ~4.36 L~ m ™ & fifi 7K, 1 FR 7K A BEAM o 0% WA iy
By BEAF i /K SZER K A M

®7 TEKSLETYHIREETHAGERNEKENEKE

Table 7 Statistics of irrigation and water consumption of per unit area during different growth

stages of cut chrysanthemum under different water treatments Lem™
A B WAL T R R K S B 201 T 4 B L TR AR K - L)
Irrigation amount per unit area F RV K Water consumption per unit area TR A EE KB

during each growth stage

BIRAERKM 2ol BRIl

during each growth stage

EREKW EEN A

Total irrigation Total water

IR Gy Ab 3

amount per consumption

Treatment . . .
Vegetative Flower bud Flower bud ~ unit area during Vegetative Flower bud Flower bud per unit area
growth differentiation  enlargement the whole growth differentiation  enlargement during the whole
stage stage stage growth stages stage stage stage growth stages
GIW1 51.93 54.73 84.85 191.51 47.57 53.69 82.84 184.10
G1w2 33.93 54.73 84.85 173.51 31.25 53.69 82.84 167.78
G1W3 20.70 54.73 84.85 160.28 23.21 53.69 82.84 159.74
G1w4 13.97 54.73 84.85 153.55 17.38 53.69 82.84 153.91
G2W1 33.93 78.49 84.85 197.27 31.25 75.16 82.84 189.25
G2w2 33.93 54.73 84.85 173.51 31.25 53.69 82.84 167.78
G2W3 33.93 39.43 84.85 158.21 31.25 41.45 82.84 155.54
G2W4 33.93 29.50 84.85 148.28 31.25 34.26 82.84 148.35
G3W1 33.93 54.73 115.72 204.38 31.25 53.69 110.69 195.63
G3w2 33.93 54.73 84.85 173.51 31.25 53.69 82.84 167.78
G3W3 33.93 54.73 62.52 151.18 31.25 53.69 65.73 150.67
G3W4 33.93 54.73 38.35 127.01 31.25 53.69 43.94 128.88
242 REVKS I & & EIRASFIRERBN YI1E40 10K 50 R A 77 000 K bl 4 7
TERE XS (1) o TEEFRAERI, 2 /> Bl i 8 I 7K ) P 3 24 Bt ik T 5 /K i A1y b 325 4 v, e
140 b a  1or 60
o~ = a
12 120 b 120
&5 100t ¢ c 100 10
¥ 52 ot 80
= E S
= 52 60r dad 60
257 af 40 20
& k= 20 20
0 1 1 1 1 1 J 0
GIWI  GIW2 GIW3 GIwW4 G2W1  G2W2  G2W3  G2W4 G3WI1 G3W2 G3W3 G3wW4
o~ 140 140
— %=
b o 120
= 9.2
# 8 & 100
g3 0
& o g
R 2 3 60
2 —
[]Eﬂ 5 % 40
2 5* 20
W
GIWI  GIW2 GIW3 GIw4 G2W1  G2W2  G2W3  G2W4 G3WI G3W2 G3W3 G3w4
BRI A 2 AEZF IR S Ak 3L AERE IR Sy b

Water treatment at the flower
bud enlargement stage

Water treatment at the flower
bud differentiation stage

Water treatment at the vegetative
growth stage

O Fif</N4: 5 Nannongxiaojinxing; [ %22 Hi45F Ridost White
E1 AEAKSLETEEETHAMNKSIFAE

Fig.1 Water use efficiency during different growth stages under various water treatments
[ R AR B A IR B L AN TR NG b3R8 25 5 35 (P<0.05) .

Different lowercase letters on the bar charts for the same variety and the same growth stage indicate significant differences( P<0.05).



538 BMoa oKk L K % % HK %49 %

G1W4 Ab3E B/ Ve B AT IR K R PR B R AE M 110~ 120 g- L7, B W4 (1 Wk 130~ 140 g-L7',
H B AR KA AR T BRE K R R 8 A/ NE B L fEAEZE e, mRk e A
V1) T T A ) Y 3 e 5 ot 5 7K o R AN T S 3 2 s, T ¢ it 22 B0 Ry 11 A TR /K R 3 0 S TS B L B G2 W4
WFRAN,  FRZ W FMEK AR R Em T MAR/ANE R BTN, 2 45 A K R
REGHT 2 ANBYBE T M 32% ~ 45% , HAE PR K AL B ( G3W2, G3W3 ., G3W4) [a] JC ik 3 22 5, 1M 5 /K Ab 3
(G3W1) MEIE KA R K T A b B, < i TR 17 7R 45 A 3 b Y R R SRR 3, 48 < ma A/
R 19%~28%, WAL, CFEA/ING R TE 3 AN AER BIN W2—W4 A HR | FEK 5K 53R R T i 2
S T 7K (W) Ab A FE K 17K 431 FH 23 5 28I T Ol AL 3 ¢ B 22 e 117 76 8 35 AR K TR 35 1 K
) W2—W4 A HER  FE/K /K AR IC 8 3 22 5, (HFEAE 28401030, W4 bR A FE /K 2K 20 A R AT
W2 F1 W3 AbBE, HASRFA W1 ACHS R TR B, 5 3R AR K3, R/ Na 2 K K 20 F
BRI RME N 90~100 g- L7, BRZ W WA 100~ 110 g-L7' 4B ZEM0I 2 Al A A FE K f 7K 20 ) 25
KAE 53R 40~50 g+ L7 Fl1 90~ 100 g- L™ s ALZE R KA 3531 4 20~25 ¢- L' A1 40~50 - 17", Z5 L, “ &
ZWHRF A I HERE KR R S REK Bk R R &S T RN R

3 Wis54®

I — A A 3 AR R T 7K 4T MBI 3 L R U104 4 A 5 ) 2 K I B 212220 Sy it v e U
FFZLCR 207 A 7 o3 SR /e 22 YR A v A0 08 TR ot A O 527 33X b 7k LA B AR ) o B 4 o T
FER . ARBFIIE I RGN R A TR - X YIRS AR K R I ST T A B s ARk
SIE S IRE , R TOR ISR R T MK IE R R T B2

ARG TR B IR AR, 40% ~ 55% M FE T B /K B el BIE X JR] . % 45 0F TR RR RO pk o 250
ORI AR Wy i A5 A AR AR IR B AR KO, Y T B K AR T 40% DL K= F 55% 0, DI i A= K 3432
2K, EFRERMYVEER RN R TR E TR R iR AR T BR S 230E Fik 4
T IR HIIAE 36 i A K TR S5 K ek v A LA AR ZR Pl ) | ] s AR AR 356 J v 9% 0 1 T R ik
& D IR BIPIAE G I TR A1

AW F A FEAE ZE A, VIAE B TE 40% ~55% 1 55% ~ T0% B HE & 7K 200 F S Re 4 5 R4k
KORZS X SE T E AR E s 25180 — 80, MR b i K AR R R R bR, K 4
TR FH S5 TR it Ak 355 v 42 I e T K A A 7 T e A K AR TR RO A 2 AR RS &
I, 40% ~55% T 7K AL B AR K R 32 S5 FE K K MR W25 & T 55% ~ T0% 4038, 38 BE 7K 5314
T T o D TC R B R R AR TR J2 8 T R AR T K A3 R RCR Y L R, o 35 5 5 K o 8 1l 7 40% ~
55% , WL AT R UIAE 48 A5 KoK, SRE S /K B8 U5 R AR A . e A, T 35 SR8 R (A B O IR B 4 )
A R B A P, S R R U A 4 A7 T R A T K R R KR O e R e K A RIS SR
5 e BB L B | O R 8 AR B S P PR R XTI AE 3 7K A3 A R s, DA — 25 O A it VA TR S s

AWFFE A AEAETEE KW, 25% ~ 40% 40% ~ 55% F11 55% ~T0% 3% 3 /I i & 7K oAb B HI) 48 26 19 48
12 AE BN S U] A fif i A OB TR R A TE S, H 25% ~40% AT 2 SR G K o A TR
bl 2 s T 2 A, R A PR BTN A T 2 R AOK A3 T B s 2 B — g I (R R XS I AE
JR PR A SRR, RS, B 5T BAE B AR Al il SE RIS A L I, 25% ~ 409% 3 I 5 K R IR
W e 7K 43 B IX 0], BREAS ™ & | & 5 W IRACR 0 Ml AR, made/Na B A B 2 ik
F1 2 A bR 7K 3 e W AF AR 26 5, BT SRR R) X K 2 75 SR i A% 25 55, B — 2B T X0 08 2 U)4E 45 38k i
PRI K 43t SR AAR SRS, LAARAS K 4348 SO AR S8, RS it i 8 TR A B SR S L i

g5 b AR g I RGEAEAT VTG AN R B IRk e R 45 6 A AR B I AR R L | B AR
W SR AR MoK 3 R B T R BARSE V1648 0 AL B 7 22 B R A K I A e BE T % /K 2 40% ~
55% M 47K i, 48 2F 0 AR ORFETE 40% ~ 55% H W) R 7K it , A6 75 1 KM WER FH 25% ~ 409 H (8] 487K 1 1
FEARARE . T BAER ORI S BT (Rl s, 2 i 1 B AR, R S K1 NE A TR Ay it
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