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Effect of plant growth regulators on water transport and carbon balance

in seedling establishment of grape cuttings
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Abstract: [Objective]The maintenance of water- and carbon-balance is the basis of plant survival. Cur-
rent research shows that both hydraulic failure and carbon starvation are important causes of plant death
in abiotic stresses such as drought, but at present there is a lack of understanding of the changes in wa-
ter transport and carbon metabolism during the seedling development of cuttings. This study explored
the water- and carbon-metabolism during the seedling establishment from grape (Vitis vinifera L.) cut-
tings by comparing the dynamic changes in water status and carbon balance among treatments with dif-
ferent auxin concentrations and cutting media used. The effect of auxin concentration on water- and car-
bon-balance during cutting development was analyzed. Results will provide technical support for nurs-
ery production of grapes. [Methods] Grape cuttings were treated with IAA 250 mg-kg'+IBA 250 mg kg,
or JAA 750 mg - kg '+IBA 750 mg-kg', or water (CK), then inserted into nutrient cups filled with cut-

ting medium. Root length, seedling height, leaf number and single leaf area of the cuttings were mea-
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sured in July. Predawn and midday water potentials, stem xylem embolism (percentage loss of conduc-
tivity, PLC), maximum hydraulic conductivity, leaf photosynthesis, and concentrations of soluble sug-
ars, starch and nonstructural carbohydrates (NSC) were measured monthly from March to July. [Re-
sultsJRoot length, seeding height and leaf number of grape cuttings under IAA 250 mg - kg'+ IBA 250
mg - kg treatment were significantly higher than those under IAA 750 mg - kg'+ IBA 750 mg - kg treat-
ment and those in the control. The growth of seedlings in the TAA 250 mg-kg'+ IBA 250 mg - kg™ treat-
ment was better than that treated with IAA 750 mg - kg'+ IBA 750 mg - kg™ and that in the control. Dur-
ing the seedling establishment of grape cuttings, there was no significant change in the predawn water
potential in different treatments, being all around —0.2 MPa, while the midday water potential showed a
decreasing trend. In July, the midday water potential in the TAA 250 mg - kg '+IBA 250 mg - kg' treat-
ment was significantly lower than that in the IAA 750 mg-kg'+ IBA 750 mg - kg™ treatment. It was also
slightly lower than in the control, but there was no significantly difference among different treatments
in June. PLC increased continuously, from about 20% to nearly 50%. The PLC in the IAA 250 mg-kg '+
IBA 250 mg- kg treatment was the highest among the three treatments in July. The maximum hydraulic
conductivity decreased continuously except for a small increase at the end of the period, from 3.8x10*
kg m'-s'-MPa"at the early stage to 1.53x10* kg-m™-s"'-MPa" in June, with a reduction of about 60%,
and to 1.89x10* kg -m™"-s"'-MPa"' in July. The IAA 250 mg - kg '+ IBA 250 mg - kg treatment had a
higher photosynthesis rate and stomatal conductance than the IAA 750 mg - kg'+IBA 750 mg - kg™ treat-
ment and the control. The contents of soluble sugars, starch and NSC all declined in the early stage, but
remained constant or slightly increased in the late stage. The contents of soluble sugars decreased from
2.28% at the beginning of the experiment to 0.88% in June. The content of starch decreased from 1.21%
at the beginning of the experiment to 0.43% in June. And the content of NSC dropped from 3.48% at
the beginning of the experiment to 1.31% in June. The descent degree for soluble sugars, starch, NSC
was 62%, 65% and 63%, respectively. Meanwhile, treatment A (IAA 250 mg - kg'+ IBA 250 mg - kg")
had a faster decline in NSC concentration in the early stage, but higher NSC concentration in later peri-
od. [Conclusion]Although grape cuttings treated with IAA 250 mg - kg'+ IBA 250 mg- kg had a lower
water potential and larger PLC than IAA 750 mg - kg'+ IBA 750 mg - kg™ treatment and CK, they had a
higher photosynthesis rate and a faster growth rate, which showed their water utilization was not affect-
ed and thus they were not stressed by hydraulic disfunction. Their NSC concentration declined rapidly
by more than 60%, but recovered at the end of seedling establishment, which was consistent with the
growth of the cuttings. The results suggest that the cuttings were not affected by water transport but af-
fected by carbon reserves to a certain extent. Appropriate auxin concentration could shorten seedling
growth time, reduce stress degree and rapidly achieve carbon balance of the cuttings.
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RAGIDANRFH Z B 22 v, 352 5 M nF AR
BEWA R SE AR EBEE LT
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1 BRI

1.1 R

AW AL P KA B (37°25'22"N, 112034
28"E) Ll P R ML} 2% Bt S A T 7 BT a8 Bkt 2R AT
T 2017 4 11 A& V&G RAEH RS HE M 1
aCAE) A B %, FT 4 el A 25 v, 2018 4 3 A4
BB MY S 3 A 2% B 2R A V5 Ak BY A AL, SR
F B ZEFT 4 5 2 B BE 5~6 em, F 7 BY 7R 2
77 0.5~1 em &, 4R BT ) 5 AETE K HHIR i 24 h,
ZJa AR AT R P A A N o, IS R E T3
AN RbFE . TAA 250 mg - kg''+ IBA 250 mg - kg ' IAA
750 mg-kg'+ IBA 750 mg-kg' - IAA 0 mg-kg'+ IBA
0 mg- kg ObF HED , A 22 5 R 4 A8 B A2 P AR |
TR 15 d, e B 2 50 FH O Vb SR, e DA Tk 5 2 i 7
25~27 C. MHEMREE IR G F M 8
cmx8 em B IR, B TIIECIN Vst V sne -
Vier=2110 1 FF4 )5 AT 8 K 0 & B, (R 47 118

FHST 2 K BN 60%~80% , 5 = PN I B 2 il 45 K
20~28 C, & IH] 12~16 °C , F R = < E i 30 C
I 30 R R o 2 B R DR B — A A K SRR I 2
AR HARMHER . BN GH TR 80~100 B,
FEVRBENLIEL 5~6 FRIHEAT I E -

MAFIEE] 7 A R BE 1A AR — k% b
TR ORI K #5 L 22 5 K 40 2k 2 (percentage loss of
conductivity , PLC) « 55 K 57K 2, 3 HOREJETH -
SE AN NSC &, 16 7 A4y i i e 4% 4 28 4
BFHEBE 2  BE DG A VR A AR A KIEF .
1.2 NEIEER
121 REGE AHEONT Gt LTS
RV BRI S B R, AR N s A A R AR
B B S ORI TR A, R AR
T A v PR R A k3 I 2% T g AR K A L 1)
e B P T AR P P T AR A 5
122 H#KB . FRBKEPLC) AR K FKE
a2 KA PMS 600D 7K #54X (PMS Alba-
ny, USAD P52 , 12 /= 7K 3800 522 B[] Ay O A 305 48
FF 71 (7:00—8:00) , 1E 47 7K 25l 52 B [8] A 12:00—
14:00. FT 4 B S KL %) 8, T6 325 FH 7K 354000 5E 7K
P, RAE 6 HAIA 7 AWIEATINGE . o RFKEM
1E2F- 25 K 8 5 2 (R PLCO f 5 B Ta] [ 1E 2F- 7K
e, BARINI 8 75152 B ARSI kAT, T
N B A AR R i S E KT BT 2 1 em (BRI R K E
23 cm) T PLC W& , il il 22 BA N 40T 0.44
mm L FLIE P 0.025 mmol - L' KCl V&, 5 H 2
kPa [ [ 74 5h Ve v i 25 B, I 58 25 Bl ok oK
2 T 9y 2 — RPN AR, il Sk AR AR
T ) R R R 2R B ) AR A A A N LP-
FM # A, | LPFM 8 1H R A 46 3K 2K, 28 5
1 0.175 MPa J& 77125 Bt 5 min, /2 22 B 3
FTA (/S R 2, T 2 kPa 1K /73 5E Sk %, it
I 1) KRB R TR (Kne) » SRR R EL
3 :PLC/%= (1-Ki / Kuay) X100
123 RAERIARGN Z  1F 2018 4 7 HAIM
S8 A A B AR S B AR AR I BRI LS R B
4, F 9:00—11:00 K ] Li-6400 ¢ & 4% (Li-Cor,
Lincoln, USA) Y& & Wl & 5 4t 7 1 41 3 6 5 i = 0
5E o A KA CO, ¥R B (400 mmol - mol ™),
F6B A U S 5 W E N 1500 mol-m? s, BTl
BN IOLA R, LS L T
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124 AFLZHHE(NSC)EE (EHEETEE T
T4 20~30 d &l 1 ¢, BORE I [E] [A] PLC €
HUHF 4 1, F E OR/K 1%, 105 'CA_ T 15 min J5 T
70 ‘CHET- 48 h, Z JE R R #E IS 100 H i, H T
D72 T PERE RS R IR (% T4 53D , 7T ¥ 14 4 A
TER B R F R R - U v, BRI 2 kS IR
Mitchell 25U 5 72, NSC ¥ 5 A AT 35 P40 R e #y
WEEZ .
1.3 Seitoth

K H SPSS 22.0 # A #4724 Si vt 43 i, AN IR
Ab 3T R [ IR T PR 0 2 458 B8 22 ¢ 32 35 1K H One-
way ANOVA 43 #7, 3 B /> 2 35 1 22 7 3002 (LSD)
AT Z E LI, UL p < 0.05 1E N B MW briE.
SigmaPlot 10.0 K AFIHEAT 4K .

2 R0

2.1 EKFREXNFHREE KO

IAA 250 mg-kg'+ IBA 250 mg - kg 40 FH 1) il 1
Zim T IAA 750 mg-kg'+ IBA 750 mg- kg 4b FH A%
f# ;TAA 250 mg - kg '+IBA 250 mg - kg 4L 7 T A HE
Ko bk A # s B2E m T TAA 750 mg - kg '+
IBA 750 mg - kg ZbH AT HE (p < 0.05) , 4373 EL X HEE
751 39.78%- 17.16%F01 30.77% , 1% & Tt HAE AL AR
A K THIAE FH B B 2 s TAA 250 mg - kg '+ IBA 250
mg - kg ' Ab B (1) 5L R R S 16 HE R TAA 750
mg-kg'+ IBA 750 mg - kg Ab3 , {H AN [F) Adh 24 () 22 5
AEE . R R R PR &R B R T AR
IAA 750 mg-kg'+ IBA 750 mg - kg 4b 1 5%} 1 2 [A]
BEBZEEZERGE D,

F1 AEEKEDHFIRENTFHEEKERNFE

Table 1 The growth of cuttings under different auxin concentrations

b3 DAES URES R LI LI AR
Treatment Survival rate/% Root length/cm Plant height/cm Number of leaves Leaf area/cm’
IAA 250 mg-kg'+HIBA 250 mg-kg' 96 32.50+4.51 a 4.78+0.51 a 8.5£0.57 a 36.5+2.6 a
IAA 750 mg-kg'+ IBA 750 mg - kg’ 88 23.70£3.40 b 3.78+0.64 b 7.0+0.81 b 34.8+1.7a
IAA 0 mg-kg'+ IBA 0 mg-kg' (CK) 86 23.25+3.31b 4.08+0.61 ab 6.5+0.57 b 343433 a

T ANEVNG PR IRAN F AL PR 22 5 2 25 1 (p < 0.05) .

Note: Different small letters indicate significant difference among the different treatments (p < 0.05).

22 HKFRREMNEARKE SFABELEPLCOM
RASKEMNFI

ANT5] 4ab B 8] 1R 2 R K 3 38 A R E I R
ST IE 47K 35, TAA 250 mg - kg'+ IBA 250 mg - kg’
AbEE PR A T AE 7 H W IE KB R E KT 1AA
750 mg-kg'+ IBA 750 mg-kg' AbEE (p <0.05) , H 1%
T X H S 2 [ 22 R AR D,

4 A3 7 HIAIED 22T PLC 21 K& %, H
I TF LRI (3 A ML) 20%3 KB w7 A)D
) 45%~50%. R A1 1 (3—6 HOAN[F AL 2 [A) 2=
AN E, B 7 A4 TAA 250 mg - kg'+ IBA 250
mg - kg AL B[] PLC & 3% = T 1AA 750 mg - kg'+
IBA 750 mg - kg Kb BRI X HE . AN [R) AL R ) B K 5
7K e i I 18] A2 A 2 AE ABL PR AR A, BB A I (] ) AE
KB W B, B2 TAA 250 mg - kg'+ IBA 250 mg - kg
AEFEAE T A R S K B A BT A, TAA 750
mg - kg'+ IBA 750 mg - kg™ 4b H R X} & 1 £k § K
REFE R, 2 7 A48, 1AA 250 mg - kg'+ IBA

250 mg - kg Kb B B K T K B S T 1AA 750
mg - kg'+ IBA 750 mg - kg b FEAIXE (p < 0.05),
3—6 H iy A E AL B IE] 1) B R F K R IEA B #E %=
(B 2).
23 ERKFREINHARLEERNFN

IAA 250 mg-kg'+ IBA 250 mg - kg' AbBE &
HOR S AL T W ST 1AA 750 mg - kg'+ IBA
750 mg - kg ALFEFINF IR (p < 0.05) , 2K [ 2R BIE T
T IAA 750 mg-kg '+ IBA 750 mg- kg ' AbFL AN E , {5
=HFH2MERAREZEE 3. IAAT50 mg-kg'+ IBA
750 mg - kg AbFE 550 2 B G A R ML T

RBIARE,

24 EKIFHFINEANSC FEIFMN

& 4 AT LUE t FFd B R, AT PR R
BEEIATHIF ST, B LT
IAA 250 mg - kg '+ IBA 250 mg - kg' 4 FE . TAA 750
mg - kg'+ IBA 750 mg - kg Ab 35 AR B8 1) B AR AE 35
HELTE 6 A4y, 53 314 0.88%+0.75%F1 0.73% , ¢ i
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Fig. 1 Predawn and midday water potential of grapevine
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Fig. 3 Net photosynthetic rate, stomatal conductance and

transpiration rate of grapevine cuttings under different

treatments

B & W IAEFF 4G IR (3 HD L 20 58 2.27%
2.39%H12.17% ,7E 4 AHF15 A4 IAA 250 mg-kg'+
IBA 250 mg - kg ' Kb 3 1) v ¥ PR & B B AR T
IAA 750 mg-kg'+ IBA 750 mg-kg ' AbFEAINTHE 6 H
B IFiAET TAA 750 mg-kg '+ IBA 750 mg - kg 4bF
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HE AT AR B 6 HAn ETHECR, B E T
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MR 7 H el vemE & &8 6 H A /MEfE b
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Fig. 4 Soluble sugar, starch and NSC contents in
grapevine cuttings under different treatments

Tho VE¥ & B NSC & & 5 nl P A [F 1) 32
s, B 3—6 HHFFLEFEAC, 7 HIT M6 THE  IAA
250 mg - kg'+ IBA 250 mg - kg Ab 3 1]y #; =
NSC &&=/t 4 M 5 H{KT 1AA 750 mg - kg''+
IBA 750 mg - kg AbHRIXS B, 76 7 F Rl B 3 3 v
F IAA 750 mg - kg'+ IBA 750 mg - kg™ &b P A1 X} #
(p<0.05),

3%

3.1 AEFTHERE IR RIK 5 O AR 1
K> a3 T RE ) IE W B AT R AR ATE K

FRISE A, T 7K 0 254 1 5 B I K 70 5 Th RE 4

IBERETY . AEFT R A AR T, AR R R, A

RE A SE AL 107 3 D7) O IRAL K 20 5 EL K8 70 Ao

FE BRI RE 52 BROR , R 2 R K

Iy DI Re v Be AR AERRNG o (ERE S 45 R 5 TR
ANTE] # T  6—7 HME R AKH -0.3~-0.2
MPa, IEF 7K KH53 7£-1.0 MPa bl b, F 2610 3
KA R Z (PLC) FE A 18 A AR KB A2 K, T 7
HRAEMR B4 BT IR 2% PLC 4EFFTE 20% 75 45, AN [FH)
QbR Z2 AN K, AL 25 SR AR WA ) 47 v il AR
TR 32 3 P A K o 3 BEAS I SE W . 7R ST 4
A3, B AR BRI BT AR AR ) R K RE 0 55, (H I
Jr 2R AR R, R K RO 1 v AR I 4R
2R R R b T AR N 28 AR, K
73 7S RCRIAR CEld) D) 1) 7K 7 W Ui 5 22 4T 7K 43 4 5
Z1A) B % e 47 1T, K DL 2% s FE K B R AR 1
K, T3 7 PLC Fmr B KA BRAR I 7R IR 5
O Y o TRl G A A 6] 50 A 3T 4 ] 1B) AN A A6 52 1 A
Y IE H A HR S B 17K 43 ihad

M AREE B IR B R , IE4 PLC $7%E BTt
S INEY &S RN ER Y NN ES SO
BT 65%, HFFAEFFURRT ) 3.6%10*kg -m™ s -MPa’
TR E(1.0%107%~1.5%x10)kg-m"-s"-MPa',
AW FE N TE & VA i 5 vh B T AR AR 1=
TR PR 2 B 70 2 Py 1 Y I AR — 2 A fig A2,
(R I 22 ] BELAS 7K 7338y, I AN Be il I i R K
M, B S EUR KRR T, ARt & KT
IKEA I TN B S, AN BB R K e
R R AT B2 TR H . ERZ M LRI
PRI T B MR AEAERR &2, SR A 3 I £ 1
FRY SN 5 S 47 0 AT /b % s JEU B A= A= B,
TER AR _E AR SEAA B TR il AT A 3 7K A K 25 3K )
e, XFE R VF AT G0 26 0 e 28 B AT 12 S I RO %
Ao AWEFE P4 2 AR R AT BE IR T
IR B AR A AE TR 2=, X A BE & A )0 Ji AR )
PR AR 3 SN o FE T S5 1 KK R A0 T (o]
TS, X ] R BB T8 TR R 7 3 2R 5%
PR AR L, T B2 73 2 T 06 A 2 JL-F
[ B A AR Y, B S B T i LS R R AH K D g

FHE B RO BTN B R SR R R EERA T
T ARAE AT I E TR T, BN 38 AR T M, AN BEREAT
JaEAER, 4 v R RE RO T 4 R A R R R E
Fro BRAZMEYANEN EEHNITER, FE L&
B KA & VT SCAFAE , 1 AR A 1 S5 K ) s A
WEIEIBT, MR AR 5 1 92 3% R 715 55 Dl g
oh R E AR L E R e AR A A TR R A A ) T
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FR e T BB AHE NI NSC B4
FRW, VR AT ERE ONSC SRR — 4
FR PRI AR , BB IE AT R HEAT 6 & 1
ZHT I 3 v A L 2 TR R AR AR L 2R A
A2 3G B)) 7 S B A R UE T i AF NSC, AT 3 B
NSC & &%,
3.2 AEEKRREXEEIHESEKMRTHF0

TE T4 52 P A3 5 A [7) A 38 7R 7K 2 bR 22 ) A
K ABFTHERE 9, TAA 250 mg-kg'+IBA 250 mg kg
Ab B IE A K 38O KT TAA 750 mg - kg ' +IBA
750 mg - kg Kb BRAIG IR, IE AR 2E B A T 1AA
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