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Effect of plant growth regulators and citric acid on the rooting of soft-

wood cuttings of persimmon rootstocks
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Abstract: [Objective]Persimmon (Diospyros kaki Thunb.) is one of the important fruit tree species in
our country. In recent years, pollination-constant non-astringent (PCNA) persimmons has gradually be-
come the key development type in persimmon industry. Field practice in the past few years has shown
that L938 (Diospyros lotus L.) and Taifu (Diospyros kaki Thunb.) are ideal rootstocks for PCNA persim-
mon in consideration of their wide compatibility and strong cold resistance in northern China. However,
the scale application is difficult to achieve because of the scarcity of materials. Cutting propagation
would be an effective way to solve this problem. Therefore, the object of this study was to explore the
effects of plant growth regulators and citric acid treatments on the rooting of softwood cuttings of per-
simmon rootstocks and find a suitable rooting method. [Methods] The experiment was carried out in
the scientific research base of Hebei Agricultural University from 2019 to 2020. Plant materials L938
and Taifu were planted in the research base. There were 5 sections in this study: 1) Taifu cuttings were
treated with 1000, 2000, 3000, 4000, 5000 mg - L' IBA+NAA mixed reagent (1: 1), and 0.1%, 0.2%,
0.3%, 0.4%, 0.5% citric acid solution or water (CK), then inserted into nutrient cups filled with cutting
medium; 2) Based on the first section, Taifu cuttings were treated with 3000 mg - L' IBA+NAA mixed
reagent or 0.4% citric acid solution respectively; 3) Different rootstock cuttings Taifu and L938 were
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treated with 3000 mg - L' IBA+NAA mixed reagent or 0.4% citric acid solution, respectively; 4) L938
cuttings were divided into 2 parts (the upper side and the middle part) before being cut into segments.
Then the segments were treated with 3000 mg- L' IBA+NAA mixed reagent or 0.4% citric acid solution
respectively; 5) Taifu and L938 cuttings were firstly treated with 3000 mg- L' IBA+NAA mixed reagent
or 0.4% citric acid solution, and then the cuttage test was carried out in May and July, respectively. Wa-
ter treatment was used as the control in all experiments. The root length, rooting rate and rooting num-
ber of the cuttings were measured after 50 days. [Results]Rooting rate of Taifu cuttings under 3000
mg- L' IBA+NAA treatment (85.3%) was significantly higher than those under 1000, 4000, 5000 mg-L"
IBA+NAA treatments and that of the control. There was no prominent change in the root number with
different IBA+NAA treatments, while they were all significantly higher than that of the water treatment.
Root length in 4000 and 5000 mg - L' IBA+NAA treatments were significantly less than in other treat-
ments. Rooting rate of Taifu cuttings under 0.4% citric acid solution treatment (89.0%) was markedly
higher than those under 0.1%, 0.2%, 0.3%, 0.5% citric acid solution treatments and that of the control.
Rooting number under 0.3%, 0.4%, 0.5% citric acid solution treatments were significantly larger than
that under other treatments. Root length under the 0.5% citric acid solution treatment was the highest
among the six treatments. The different persimmon rootstock types (Taifu and L.938) had no significant
difference in the rooting rate of cuttings under both 3000 mg- L' IBA+NAA and 0.4% citric acid solu-
tion treatments, indicating that both of these two rootstock types could produce high rooting rate as long
as the treatment condition was suitable,although the rooting number of L938 were slightly higher than
those of Taifu under both treatments. The upper side and middle part of L938 cuttings were used as ma-
terials to test the effect of different vegetational parts on the rooting of the softwood cutting. The results
showed that the difference of rooting rates between the upper and middle part of L938 cuttings was in-
distinctive under both 0.4% citric acid solution and 3000 mg - L' IBA+NAA treatments, although the
root number of middle part was slightly more than that of the upper side. For L938 cuttings, the rooting
rates in May were significantly higher than those in July under both 0.4% citric acid solution (80.0% in
May and 44.7% in July) and 3000 mg- L' IBA+NAA (77.3% in May and 14.3% in July) treatments; the
average rooting number (9.69) of cuttings under 3000 mg- L' IBA+NAA treatment in July was distinct-
ly higher than that of the other treatments; the average root length (5.77 cm) of cuttings under 0.4% cit-
ric acid solution treatment in July was significantly longer than that under the other treatment. For Taifu
cuttings, the rooting rates in May also significantly higher than those in July under both 0.4% citric acid
solution (89.0% in May and 35.7% in July) and 3000 mg-L"' IBA+NAA (85.0% in May and 9.7% in Ju-
ly) treatments, which was similar with L938 cuttings; the average rooting number (5.19) of cuttings un-
der 3000 mg - L' IBA+NAA treatment in May was clearly higher than that of the other treatments; the
average root length (7.7 cm) of cuttings under 0.4% citric acid solution treatment in July was signifi-
cantly longer than that under the other treatment. [Conclusion] The propagation of persimmon root-
stocks by softwood cuttings could be effectively performed in May. Both 0.4% citric acid solution and
3000 mg- L' IBA+NAA treatments on softwood cuttings could promote rooting , meanwhile citric acid
solution treatment could enhance the occurrence of lateral roots.
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Table 1 The effects of different concentrations of IBA+

NAA on rooting of softwood cuttings of persimmon

rootstock
p(IBA+NAA) ERE IR FERK
Concentration of Rooting  Average number Average number
IBA+NAA/(mg-L")  rate/% of roots of roots/cm
1000 76.0b 5.05a 526a
2000 81.0ab  6.56a 491 a
3000 853a 5.19a 5.19a
4000 61.0b 6.26a 423b
5000 57.0b 6.12a 4.05b
CK 243 ¢ 3.14b 5.03a

o B IIAFNG FRERIRAE p<0.05 KV EHEBFHERER. T
[/
Note: Different small letters in each column of the table indicate sig-

nificant differences at the p < 0.05. The same below.

122 2 7] DA B, A [F A4 AR 23 B AT A B IR 1
o e 358 50 A B o DL 0.4% 2F R R B 7 (89.0%) , B AR
RO 2, 3% T A A 2 5 LK 0.3% R
0.5%40 B, 1M DL CK AE AR F A, B B T AP R i

R 2 AREIFAHD BFTAFER IR il R IR AR A2
Table 2 The effects of different concentrations of citric

acid on rooting of softwood cuttings of persimmon rootstock

o CFF ) ERE OTIRM AR
Concentration of ~ Rooting Average number  Average number
citric acid/% rate/% of roots of roots/cm

0.1 577¢ 1.72b 6.46b

0.2 62.7¢ 2.06b 481c

0.3 74.7b 278 a 6.00 b

0.4 89.0a 279 a 6.24b

0.5 743 b 276 a 8.00 a

CK 243d 2.00b 6.53b

A. CK; B. 1000 mg-L"; C. 2000 mg-L"; D. 3000 mg-L"; E. 4000 mg-L"; F. 5000 mg-L".
1 TRERRESRE IBA+NAA A8 THfs A4 RARR

Fig. 1 Rooting status of persimmon under different concentrations of IBA+NAA
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A. CK; B. 0.1%; C. 0.2%; D. 0.3%; E. 0.4%; F. 0.5%.
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Fig. 2 Rooting status of persimmon under different concentrations of citric acid
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Table 3 The effects of different chemical treatments on

rooting of softwood cuttings of persimmon rootstock

R4 FREBEARLEE S G REAITEE R R0
Table 4 The effects of different rootstock types on rooting

of softwood cuttings of persimmon rootstock

Jb 3 filiA EREXCE IR

Treatment Rootstock  Rooting rate X* Average number of roots
0.4%F TR 1938 0.7 3.2

citric acid %% Taifu 27

3000 mg L' L1938 2.7 6.4

IBATNAA %5 Taifu 5.2

/jI_ :)(2/)1/5= 3.84, ‘FIEJ °
Note: X°y0s= 3.84. The same below.

NAA KCBE, FHAS AN R AL 1T 1 A2 AR 2 A B
251 (X7 < 3.84) , (EHT AR HH RIS (101~ 49 A AR i EL i A
EHHZ .

RS HEA EIERL X ARG AR A TR A AR RO R0

pos:l AERE PEREL CPIRK
Treatment Rooting  Average num- Average number Table 5 The effects of different parts of new shoots on
rate/%  ber of roots  of roots/cm . . .
rooting of softwood cuttings of persimmon rootstock
0.4%FTHE 0.4% citric acid 89.0a  2.79b 6.24a R T
3000 mg- L' IBA+NAA 853a 5.19a 5.19b posiil fEilZDA R *E?‘;Xﬁ Ii’afr%z b
Treatment Section ooting VErage nummber
CK 243b  2.65b 5.03b rate X° of roots
0.4%FF IR BTAS LB 0.4 6.1
2.2 AEIRGARZEE X fiddh AR EA G A AR By 220 0.4% citric ~ Upper part of new shoots
. NP ‘ acid HR 738
R FE B0, PR R 26790 0608 R Bk B b3, 2 T
ORGP AR AR AE MR R TE R Z 57, WHE 3000 me L' ks 1 0.2 3.4
N [N IBA+NAA f h
I AUAH 2 MG A, S AL PR 24 7)1 2 L A 3o N ;";;:f;" new shoots .
B i .

WIS B TG AR A 08 , OB E R AR e AR A
(1 A2 4R 26 (3R 4D, (H B I - LU AR Al 3 4 AR 2B TR AR
2.3 A B EBAL I TR X A G AR S A AT R £ AR AY
=10

RKSERKW, 5 al LB IT T (L3O ¥ L
AT IR, H 0.4%F TR A1 3000 mg - L' IBA+

New shoot middle

2.4 FFiERTER XS ARG AR SHAR FT AR A AR O B2 1
TG 45 SRR W, AN [543 IS SURE AR Al A (1) A
FFAAERE R AR EZm(R6.K . LLLI38
NiIRM (GR6),5 H A A RE B E S T 7
Aoy s AME AR AR S, L7 H
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Table 6 The effects of cuttings in different periods on

rooting of softwood cuttings of persimmon rootstock 1.938

PRI E PIRK

G| ES
g Vo3 . Average  Average
. Rooting
Time Treatment number of length of
rate/%
roots roots/cm
SHHH 0.4%F R 80.0a 3.18¢ 113¢c
Mid. 0.4% citric acid
May 3000 mg-L'IBA+NAA  77.3a 643b 381b
CK 36.7b  2.40cd 1.19¢
THHH 0.4%F TR 447b  272c¢d  577a
Mid. 0.4% citric acid
July 3000 mg-L'IBA+NAA  143c¢  9.69a 3.03b
CK 120c  1.45d 325b

3000 mg - L' TBA+NAA 5 #fé &b P 4 Bl 1 26 AR 45 5
%, W E T A EE, Ffh AT B2 2 R
SR BET 5 5 LA 7 H A 0.4% 715 1R Ak 22 A
K, 03 m T HA AR, LS H At AR EE RN S H
HHA) 0.4% AT A5 TR AL B A /1N, R K T LA b 2. DA
&AM GRT .5 H i) a e AR AR e (R A 2
T 7 A A AR S 2 AR AR 20N S LA
5 4] 3000 mg- L' IBA+NAA 3 AL FE , Jfif i 4
R m %, BT H AR, HAb &b T
EXRRAS ARAPE AR ZEZ T 7 A d A
PRI MARA T 5 5 LA 7 H ) 0.4%F7 B R Ak 3
K, B T H AR AR, L7 H bRy Ak B
N BEART HAR A

F* 7 AR AR R EM AR R R0
Table 7 The effects of cuttings in different periods on

rooting of softwood cuttings of persimmon rootstock Taifu

RIS PHRK

AR
iR yosi] f ? Average  Average
. Rooting
Time Treatment number  length
rate/%
of roots  of roots/cm
SHTH 0.4 %R 89.0a 265b  6.24ab
Mid. 0.4% citric acid
May 3000 mg-L'IBAYNAA  85.0a 5.19a  5.19bc
CK 243c¢c  3.14b 5.03 be
THEH 0.4 %br R 357b 207b  7.70a
Mid. 0.4% citric acid
July 3000 mg- L' IBA+NAA 9.7d 333b  4.35bc
CK 40d 150b 4.07 ¢

T AT St e B O B Tk —
B RS T 0 R R AR A AR
ERA AR B S, 346 1 BaE 1 RS A e
R IR s AL 2 e A 4 1 T A 8 AR ) 32
BRI, KR PRI BT R AR T E
AR 5 e B KUY, A s| R T R (IBA) FIZE 1R
(NAA) , HMJE IBA (1 F AT DR SORR Ji 2 A 4 i 4t
H = AR TAA, JE— 0 T U 5 S, (2 a3 4 2% AR AR,
A, AN AR R 5L 4 A H SR T B AR v, AT B S
ARKERRARMEMBRERIKRENIAASG
KW AR, AR N R IR K B R TT
T AR DRI F ), e WY 41 DA 5 AL Oy il b
AT, 25 3R B, AR KU 77 A B DL 1500 mg - L
IBA 371000 mg- L' NAA NUf. T4 725Dk
BAL GG AR YT101 Al A BB e 45 R K W, IBA Ky
1000 mg - L™ A0 38R0 5 55 £ 5 TR AR I7E X R 2= Ikt +F
T AR AR AL 1B T b R B, TAA B S AR o ik
43000 mg- L', IBA ¥ 1000 mg- L', ABT A 3000
mg- L', NAA A 1000 mg- L™, [E &AM K ) 4 3000
mg L' VP2 EE 10X B AT iR 4 K 2 A8
F B — WA AE KR 7], i TAAVIBAVNAA B H:
by, A5 FE 2455750 PO At R Ko LA, (EL KT AZ Ak 5 e A
PR Fofr, 5 BB A A KT A IR, B AR TR
SEOHER R S B O T 16 BRI R
B, PL 5000 mg- L' IBA+NAA (5 1) VR it ¥ 3ok e b B
FZ MR 250 9 £ 5 X0 52 O o A% Bk A A 4 A2 AR
BEAT W 5T R RE R IBA WA Bk SR = B T
5000 mg- L' GHBESARFEEE S . KRR A, A K
FRMBEAEREAEMEERFZ, IBAFEFAL
Y0 A AR R AL T T1AA, JR A 2 IBA £ 5t
SR MR A KR 5 T ) DU N TR KK
S, ] 2 52 W) AN 8 AR ) % B B AR 2R RO AN R
BT AR KT B S iR AR AR e D)
FHOCEN, [RII 9 AR aR A EAR A 2 A A 5 iR
RAR B, T DL A S AR i R H
ANTE B AR R A B A A, 45 SRR B, DLIBA+NAA
(1 DAL FR AR RO i L IBA IRZ ONAA RUCREL
ZE o ECFECTRL 2 a AR RRAR R A A 2% i
BEATHE I, 5 R B, L IBA AR EIK £, H
RFL; L NAA AL, AP RK ALK B
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PIEAREE D . DAEFEM A AERBENS AFEPE. AT 5 A i AR B R A

TR IR FT- 4 A= AR 1 25 R B, 500 mg - L' IBA +
1000 mg- L' NAA X HAEA A TG T , A e AR £
B RAEDE TR R RSKE RAR LR
IR R ASAE TR K. P2 NAE KRR
VE FATE AR 5 5 A0 434k p B 5 28, BT B 7 v 72
BARMAERKEFFNRED . — Bl Ak xR
R, EL TG0 45 S, 5 — R IBA & TR 2Rk
(1000~5000 mg- L") &b 3 AR AR AR 35145 22 , IRl U, 45
HHE BTN R, AR R H IBA-NAA Z L
VAT VBT A 4cb 34 A, T FC K B 3000 mg - L IBA+
NAA 3 e 4b 3, i AR 00 AE AR R d i, AR AR R A
85.3%, S AWt 45 SR I A — .

AR, 2R 28 SR 8 i R I, A7 A R AL 3% A
AR E ARG RIER (G RERE AR RE
ik 2 a ) 22 YGRS I, AT AR TR Al Rt A SR T4 AR
R AR S B3, A [F) R R 2 B A7 A R IR Y A 7
FEHAL B DL 0.4% 2 E AR 2 A 51 (89.0%) » A A
[F5) 243 3511 %68 A s A P SRS 30 AT AL BRI, AT AR R AT IBA+
NAA VR & H AR R 22 AN B3, BRI F
AR B U IBA+NAA R GBI L, TR K
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