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Introduction

Mandarin  (Citrus

significant citrus crop in India, comprising
nearly half of the nation’s citrus cultivation
area and recognized globally for its quality

reticulata
particularly the Nagpur mandarin, represents a
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Abstract

The present investigation entitled “Studies on effect of grafting
time and conditions on success of soft wood grafting in Mandarin
(Citrus reticulata B.) cv. Nagpur Mandarin” was carried out at
Central Nursery Scheme, Vasantrao Naik Marathwada Krishi
Vidyapeeth, Parbhani during the year 2024-2025. The study aimed
to determine the effect of different grafting time and growing
conditions on sprouting, growth and success of soft wood grafting
in mandarin. The treatment combinations were the six-grafting
time viz., D1: October 15, D2: October 30, D3: November 15, D4:
November 30, D5: December 15 and D6: December 30 with two
conditions viz., Polyhouse condition (C1) and Open field condition
(C2). In case of grafting time minimum days to first sprouting of
graft (19.49 days) and days to 50% sprouting of grafts (29.33 days)
was recorded from D1 whereas maximum graft success (85.83%),
graft survival (80.67%), plant height (45.98 c¢m), plant diameter
(6.53 mm), number of branches per plant (6.75), number of leaves
per plant (53.13) was recorded from In growing conditions
minimum days to first sprouting of graft (19.94 days) and days to
50% sprouting of grafts (32.61 days) was recorded from C2
whereas  maximum graft success (86.66%), graft survival
(75.84%), plant height (42.04 cm), plant diameter (6.71 mm),
number of branches per plant (7.10), number of leaves per plant
(47.13) was recorded from C2.

Keywords: Nagpur mandarin, Grafting time, Growing condition,
Softwood grafting, sprouting, Open field, Polyhouse.

and flavour. While mandarins are grown
Blanco), throughout India, key production regions
include  Maharashtra’s  Vidarbha  and
Marathwada areas, the north-eastern states,
parts of Central and South India, and notable

cultivation in Punjab and Rajasthan
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(Bhattacharyya et al.2024).
mandarin, awarded Geographical Indication
status, is especially valued in domestic and

The Nagpur

export markets due to its quality, but faces
challenges in propagation because traditional
T-budding methods are slow and cannot meet
current planting material demand and also T-
budding are limited by long nursery phases and
demand for planting material. Alternative
rapid multiplication techniques, specifically
softwood grafting and micro-budding, have
emerged (Skaria and Zhang 2000), offering the
potential for quicker, cost-effective, disease-
free plant production, although micro-budding
has not been widely adopted for Nagpur
mandarin due to low graft success rates
(Vijayakumari, N., & Singh, S. 2003). Soft
wood grafting presents a rapid multiplication
technique, requiring optimal environmental
conditions and timing for maximum
efficiency. This research evaluates the effect of
these variables on successful propagation
(Patel et al. 2010). This study aims to
standardize softwood grafting as an enhanced
propagation method, focusing on how grafting
time and environmental growing conditions
affect graft success, with the overarching
objective of accelerating orchard establishment
and yield improvement.

Materials and Methods

A field experiment was carried out during
October 2024 to March 2025, to assess the
combined effect of grafting time and growing
condition on sprouting, growth and success of
soft wood grafting in mandarin at Central
Nursery Scheme, Vasantrao Naik Marathwada
Krishi Vidyapeeth, Parbhani,India which is
located at situated at 408.50 meter altitude
above mean sea level and falls on 19016° N
latitude and 76047’ E longitude and has a sub-
tropical climate. The experiment was laid out
in Factorial Randomized Block Design
comprising of 12 treatments  which are
replicated thrice. Treatment combination
consisted of two factors, one with six different
grafting time i.e., D1: October 15, D2: October
30, D3: November 15, D4: November 30, DS5:
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December 15 and D6: December 30 with two
conditions viz., Polyhouse condition (C1) and
Open field condition (C2). There were 12
treatment combinations such as C1D1, C1D2,
C1D3, C1D4, C1DS5, ClID6, C2D1, C2D2,
C2D3, C2D4, C2D5, and C2D6.There were 20
plants in each replication. The data obtained
for different parameters were statistically
analysed to find out the significance difference
of different grafting time and growing
condition.

Results and Discussion

Days to first sprouting of grafts

Analysis of the results (Table 1) revealed that
grafting dates had a significant effect on the
time taken for the first graft to sprout. The
earliest sprouting was observed on October 15
(D1) at 19.49 days, while the latest sprouting
occurred on December 30 (D6) at 26.66 days.
Among the growing conditions, grafts in the
polyhouse (C2) sprouted earlier, averaging
19.94 days, compared to 24.72 days in the
open field (C1). Similar results were reported
by Nagargoje (2012). The interaction effect
indicated that the fastest sprouting occurred
when grafting was done on October 15 under
polyhouse conditions (C2D1), taking 17.33
days, whereas the slowest sprouting was
recorded on December 30 under open field
conditions (C1D6), taking 29.66 days. These
findings are consistent with those reported by
Patel et al. (2010).

Days to 50% sprouting of grafts

A statistically significant variation in the
number of days required for 50% sprouting of
grafts (Table 1) was observed across different
grafting dates. Grafts made on October 15 (D1)
exhibited the fastest sprouting, reaching 50%
sprouting in 29.33 days, while those grafted on
December 30 (D6) took the longest time,
requiring 40.33 days. Among the growing
conditions, grafts under the polyhouse (C2)
reached 50% sprouting significantly earlier,
averaging 32.61 days, compared to 36.16 days
under open field conditions (C1). The
interaction between growing conditions and

grafting time revealed that the quickest
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sprouting occurred under polyhouse conditions
on October 15 (C2D1), taking 28.33 days.
the sprouting  was
observed under open field conditions on
December 30 (C1D6), taking 41.33 days.
These results align with the findings reported
by Patel et al. (2010).
Graft success (%)
A statistically significant variation in graft
(Table 1) was observed among
grafting dates. The highest graft

Conversely, slowest

success
different
success (85.83%) was recorded for grafts
performed on October 15 (D1), while the
lowest success (73.33%) occurred for grafts
conducted on December 30 (D6). Similar
findings were reported by Chalise et al. (2013).
Among the growing conditions, grafts under
the polyhouse (C2) showed significantly higher
success (86.66%) compared to those under
open field conditions (C1), which recorded
72.77%. These results are in agreement with
the observations of Nagargoje (2012). The
interaction effect revealed that the highest graft
success

(93.33%) was achieved when grafting was
done under polyhouse conditions on October
15 (C2D1), whereas the lowest success
(68.33%) was noted under open field
conditions on December 30 (C1D6). Similar
trends were also reported by Patel et al. (2010).
Graft survival (%)

A statistically significant variation in graft
(Table 1) was observed among
different grafting dates. Grafts performed on
October 15 (D1) showed the highest survival
rate  (80.67%), while those grafted on
December 30 (D6)
survival rate (62.93%). Similar observations
were reported by Chalise et al. (2013). Among
the
survival

survival

recorded the lowest

the growing conditions, grafts under
polyhouse (C2) exhibited higher
(75.84%) compared to those under open field
conditions (Cl), which recorded 67.97%.
These findings are in agreement with those of
Nagargoje (2012). The interaction between
grafting time and growing conditions showed
that
polyhouse conditions (C2D1) achieved the

grafts made on October 15 under
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highest survival rate (88.38%), whereas the
lowest survival (61.01%) was observed for
grafts performed on December 30 under open
field conditions (C1D6). Patel et al. (2010) also
reported similar results.

Plant height (cm)

A statistically significant variation in plant
height of mandarin grafts was observed at 30,
60, and 90 days after grafting (DAG) due to
different grafting times (Table 2). The tallest
plants (36.17, 40.77, and 45.98 cm at 30, 60,
and 90 DAG, respectively) were recorded from
grafts made on October 15 (D1). In contrast,
the shortest plants (25.44, 28.22, and 33.43 cm
at 30, 60, and 90 DAG, respectively) were
observed from grafts made on December 30
(D6). Similar findings were reported by
Chalise et al. (2013). Among the growing
conditions, plants in the polyhouse (C2)
exhibited greater height (32.47, 37.28, and
42.04 cm) compared to those in the open field
(C1), which recorded lower heights (29.64,
33.21, and 37.98 c¢m) at 30, 60, and 90 DAG,
respectively. These results are consistent with
the observations of Nagargoje (2012). The
interaction between grafting time and growing
conditions revealed that the tallest plants
(39.02, 43.63, and 48.36 cm) were recorded
from grafts made on October 15 under
polyhouse conditions (C2D1), whereas the
shortest plants (25.05, 26.95, and 32.51 cm)
were observed on December 30 under open
field conditions (C1D6) at 30, 60, and 90
DAG, respectively. Similar trends were also
reported by Chalise et al. (2013).

Plant diameter (mm)

A statistically significant variation in plant
diameter of mandarin grafts was observed due
to different grafting times at 30, 60, and 90
days after grafting (DAG) (Table 2). The
maximum plant diameter (3.54, 5.84, and 6.53
mm at 30, 60, and 90 DAG, respectively) was
recorded for grafts made on October 15 (D1),
while the minimum diameter (2.53, 4.89, and
5.71 mm at 30, 60, and 90 DAG, respectively)
was observed for grafts made on December 30
(D6). Similar
Chalise et al. (2013). Among the growing

findings were reported by
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conditions, plants in the polyhouse (C2)
recorded the highest diameters (3.47, 5.76, and
6.71 mm) compared to those in the open field
(C1), which showed smaller diameters (2.64,
485, and 548 mm) at the respective
observation periods. These results align with
the observations of Nagargoje (2012). A
significant interaction between grafting time
and growing conditions was also noted. The
largest diameter (4.09, 6.58, and 7.33 mm at
30, 60, and 90 DAG, respectively) occurred in
the October 15 grafts under polyhouse
conditions (C2D1), whereas the smallest (2.21,
4.56, and 5.25 mm) was recorded for the
December 30 grafts under open field
conditions (C1D6). Simil ar results were
earlier reported by Patel et al. (2010).

Number of branches per plant:

Analysis of the results revealed that grafting
time had a significant effect on the number of
branches per plant in mandarin. A statistically
significant variation in branch number was
observed at 30, 60, and 90 days after grafting
(DAG) (Table 2). The highest number of
branches per plant (3.23, 5.55, and 6.75 at 30,
60, and 90 DAG, respectively) was recorded
for grafts made on October 15 (D1), while the
lowest (2.30, 4.26, and 5.95, respectively) was
noted for grafts made on December 30 (D6).
These findings are in agreement with the
results reported by Chalise et al. (2013).
Among the growing conditions, plants in the
polyhouse (C2) produced the highest number
of branches per plant (3.41, 5.62, and 7.10 at
30, 60, and 90 DAG, respectively), which
were significantly superior to those grown
under open field conditions (C1), where the
number of branches recorded was 2.15, 4.20,
and 5.59, respectively. A significant interaction
between grafting time and growing conditions
was also observed. The maximum number of
branches per plant (4.00, 6.23, and 7.43 at 30,
60, and 90 DAG, respectively) was recorded
for the October 15 grafts under polyhouse
conditions (C2D1), while the minimum (1.80,
3.60, and 5.10) was  observed for the
December 30 grafts open field
conditions (C1D6). Similar results were also

under
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reported by Patel et al. (2010).
Number of leaves per plant:
Analysis of the results revealed that grafting
time had a significant effect on the number of
leaves per plant in mandarin. A statistically

significant variation in leaf number was
observed at 30, 60, and 90 days after grafting
(DAG) (Table 2). The highest number of
leaves per plant (15.03, 37.66, and 53.13 at 30,
60, and 90 DAG, respectively) was recorded
for grafts made on October 15 (D1), whereas
the (12.76, 24.80, and 39.71,

respectively) was observed for grafts made on

lowest

December 30 (D6). Similar findings were also
reported by Chalise et al. (2013). Among the
growing conditions, plants grown under
polyhouse conditions (C2) produced the
maximum number of leaves per plant (15.64,
32.95, and 47.13 at 30, 60, and 90 DAG,
respectively), which significantly
superior to those grown under open field
conditions (C1), where 12.50, 27.89, and
44.30 leaves per plant were recorded at the

were

respective intervals. These results are in
agreement with the findings of Nagargoje
(2012). A significant interaction between
grafting time and growing conditions was also
observed. The maximum number of leaves per
plant (16.40, 38.73, and 53.46 at 30, 60, and
90 DAG, respectively) was obtained from
grafts made on October 15 under polyhouse
conditions (C2D1), while the minimum (10.60,
21.93, and 38.70, respectively) was recorded
for grafts made on December 30 under open
field conditions (C1D6). Similar observations

were also reported by Patel et al. (2010).
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Table 1: Effect of grafting time and growing conditions on days to first sprouting of graft, days to
50% sprouting of graft, graft success and graft survival in Mandarin

e o er e e e e s e — e _
Treatment - Eﬁi:ntt[r;lﬂi Spﬁﬁi;ﬂ?;zﬁs G raf’: :;;:-:cﬁs Giraft survival {%s)
Caronarimiz comaditiom
{C)
Oipen field (Ca) 2472 3616 237 G797
Paly house (C2) 14 4 114l wh b 75,84
SHEm)E .13 02200 053 0793
Cyat 5% .349] 0617 1.56 2340
Gmatting time { 1)
Cretober 15 (D) 149449 24933 2583 2067
Crctober 30 { [a) 200 ETIR. £ LEEE Fixe
Movember 15 ([D3) 2116 3306 LT T2 R
Mowember 30 (Dy) X2 16 34 .33 T 16 T.60
Drecember 15 {Ds) 24 50 3850 75 00 B 13
Drecember 30 { D) 2 4,33 7333 [
SHEHm)E L) s 0362 0491 1.373
Crat 5% aTT 1 bE 200 4053
Comd itiom X Drate
Oyl 2166 30,33 TE.33 7296
Uyl X2 33 i 75 00 71594
Calds 23,00 31533 7333 HYO7
Cully 24 .66 ELN ] Tl Hb 67,30
gl 2700 4 b 00 H5. 53
Caulle 24966 41.33 GHE33 G101
Caly 17.33 2R 33 Wii3 L
C2l0n 1 7.5 2900 Wl Hb L
Cal 149,33 TN W00 T,
Caly 149 faa 3200 wh bbb 73491
Calds 2200 36,33 2000 HE. T4
Calds i N 39 33 TR 1), Hif
SHE m)E 324 0312 1.2% 1 942
CLyat 5% 0957 1.510 183 3731
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Table 2: Effect of grafting time and growing conditions on plant height and plant diameter in
Mandarin

Plant height {cm Plant drameter { mom
e e o 0 DAG 60 DAG ‘ *];lrunac; 30 DAG 60 DAG ' 91:];0,1(;
CGirowing condition (C)
Open field (Ci1) 2064 33.21 37.98 2.64 4.85 5.48
Polyhouse (Cz) 32.47 37.28 42 .04 3.47 5.76 6.71
SE(m= 0380 0,302 0.208 0.026 0.055 0.050
CD at 5% 1.148 0891 0.614 0.077 0.163 0. 147
Grafting time (D)
October 15 (D) 36.17 40,77 4598 3.54 5.84 6.53
October 30 (D2) 35.13 39.25 43.56 3.38 5.53 6.36
Movember 15 (Dz) 32 .44 36.92 41.20 318 5.37 6.20
Movember 30 (D) 20 43 35.13 39.02 2.97 522 5.95
December 15 (Ds) 2777 3117 36.87 2.73 4.99 5.82
December 30 {Ds) 2544 28.22 33.43 2.53 4.89 5.71
SE(m= 0.674 0523 0360 0.045 0.005 0.086
O at 5% 1.989 1.543 1.064 0.133 0,282 0,254
Conditron X Date
Cily 33.32 37.92 43,60 3.00 5.10 5.72
Cila 3297 3618 41.12 2.82 5.01 5.60
Cila 3233 34 48 38.70 2,78 4.94 5.56
Cil 27.25 33.40 37.08 2.63 4.83 5.44
Cis 26.95 30,32 34.85 2.39 4.67 5.31
Cils 25.05 26.95 32.51 2.21 4.56 5.25
Cally 39.02 4363 48 36 4.09 6.58 7.33
Cala 37.29 42 .33 4600 3.04 6.05 7.12
Calla 32.55 39,35 4371 3.58 5.80 6.85
Cally 31.61 36.85 40,97 3.31 5.62 6.47
Cals 28.49 32.02 38.80 3.07 5.31 6.33
Cals 25.84 20 49 34,34 2.86 5.23 6.18
SE(m= 0.953 2,182 0510 0.064 0.135 0.122
CD at 5% 2.813 0.739 1.505 0. 188 0.393 0.359

Table 3: Effect of grafting time and growing conditions on number of branches per plant and
number of leaves per plant in Mandarin

Trcakment Mumber of branches per plant Mumber of leaves per plant
30 DA 60 DAG S DA 30 DA 60 DAG S0 DA
Growing conditeon (C)
Open field (Ch) 2.15 420 5.59 12.50 27T .89 44 30
Polvhouse (C2) 341 5.62 710 15.64 32.95 4713
SE{m ) 0030 0024 0031 0098 0307 0368
CID at 5% 0088 0071 0.0 028G 0.7 1.085
Grafting tirme (D)
October 15 (D) 323 5.55 6. 75 15.03 3T.66 53.13
October 30 (Da2) 310 5.25 6.60 14.66 33.65 4045
Mowvember 15 (ID3) 2.5 5.06 [ ] 14 43 32.16 46 .56
MNMowvernber 30 (D) 270 4 8B a2l 1408 28.28 43 .68
December 15 (D<) 2.46 4.45 6. .13 1345 259 41. 76
December 30 (D) 2.30 4.26 5.95 12.76 24 80 3971
SE{m )= 153 O g2 0053 LI B 1] 0532 0637
CID at 5%% 0052 o124 0157 0.501 1.572 1880
Conditon X Date
ChalDg 246 4 8o 606 13.66 36.60 52 .80
ChlDa2 2.33 4.53 5.93 13 440 30,73 47T B
Callrs 2.20 4. 30 5.76 13.26 28.80 435 09
Callg 2.13 4.0 5.36 12.63 26.53 42 66
ChlDs 2.0 383 5.33 11.43 2276 4. Te
CilDs 1.5 3.60 5.10 10640 21.93 380
Caly 4 W 6.23 T.43 16 40 AB.T3 53 46
CalDs 3. 86 5.96 T.26 1593 36.56 51.03
CalDsy 3 .60 5.83 T.13 15.640 35.53 S50.13
Caxly 3.26 5.70 T.06 15.53 30,03 44 T
CalDs 293 5.06 6. 93 15.46 29 16 42T
CalDe 280 4.93 & B0 14 93 27.66 4. T3
SE{m )= 0216 0053 0075 O 2400 0.T53 LLR 1)
CID at 5%% 0073 0175 0222 0. T0O8 2223 2.658
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