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Abstract In commercial date palm cultivation, artificial

pollination is an expensive necessary agronomic practice.

For effective pollination, timely availability of pollen is a

requisite; however, in time of pollen scarcity and/or in need

of higher amount of pollen for mechanical pollination,

dilution of pollen with adjuvant is an effective approach.

We tested efficiency of pollination by mixing pollen with

different low cost and easily available adjuvants, viz.

Maida flour, wheat flour, talcum powder, bajra flour, ash

and marble dust in 1:9 and 1:19 ratio, over control (no

adjuvant) and evaluate their efficacy in sustaining the fruit

set and yield. Our results suggest that all of the experi-

mented adjuvants can be diluted up to 1:9 ratio; however,

talcum powder can be diluted up to 1:19 without reducing

fruit yield.

Keywords Adjuvant � Filler � Date yield � Fruit set �
Pollen dilution � Talcum powder

Introduction

Date palm is one of the oldest cultivated crops in the world

originated around 6000 years ago in the region of present-

day Iraq, while in India, its presence is estimated to be

around 500 years old (Johnson et al. 2013; Muralidharan

et al. 2008). More than 90 percent of the total cultivated

area of date palm in India is concentrated in Kachchh

District of Gujarat (Anonymous 2018; Singh 2018).

However, in the last two decades (2000–2020) with the

availability of high productive tissue cultured plants, there

has been a rapid expansion of cultivated area not only in

the area adjoining Kachchh but different states of the

country, viz. Rajasthan, Punjab, Maharashtra, Tamil Nadu,

Andhra Pradesh and Telangana (Muralidharan et al. 2008,

Baidiyavadra et al. 2019).

Since date palm is a dioecious crop, male and female

flowers are borne in separate plants, and naturally, they are

wind pollinated, but chances of their natural pollination are

very meager in commercial orchards, where the females

are in the main block while male plants are planted either

in the border planting or in a limited section of the orchard,

restricting the pollen movement and availability to the

whole orchard. However, artificial pollination by hand is

followed since time immemorial (Zaid and de Wet 2002).

Two methods of practicing pollination are very popular

among the growers globally: The first is the placement of

the male flowers’ spikelet in the freshly opened female

inflorescence, and the second is dusting and swapping the

collected pollen using cotton (Muralidharan et al. 2008;

& Kapil Mohan Sharma

k.m.sharma456@sdau.edu.in

C. M. Muralidharan

muralidharancm@yahoo.com

D. A. Baidiyavadra

shreedev1968@gmail.com

Kirti Bardhan

kirtivardhan@nau.in

C. N. Panchal

chetanpanchal1265@gmail.com

1 Date Palm Research Station, Sardarkrushinagar Dantiwada

Agricultural University, Mundra-Kachchh, Gujarat 370421,

India

2 ASPEE College of Horticulture and Forestry, Navsari

Agricultural University, Navsari, Gujarat 396450, India

3 Polytechnic in Agriculture, Sardarkrushinagar Dantiwada

Agricultural University, Amirgadh-Banaskantha, Gujarat

385130, India

123

Sugar Tech (Jan-Feb 2021) 23(1):139–145

https://doi.org/10.1007/s12355-020-00885-0

http://orcid.org/0000-0003-4714-7854
http://orcid.org/0000-0002-1140-9341
http://orcid.org/0000-0002-6509-5229
http://orcid.org/0000-0003-2765-4322
http://orcid.org/0000-0002-5339-1258
http://crossmark.crossref.org/dialog/?doi=10.1007/s12355-020-00885-0&amp;domain=pdf
https://doi.org/10.1007/s12355-020-00885-0


Baidiyavadra et al. 2019). Since the canopy of the date

palm keeps on growing vertically and after around 5–6

years of plant growth, the growers need to climb to the tree

for various operations including pollination. Moreover, all

the spathe of the date palm inflorescence does not emerge

and opens simultaneously and their need to get pollinated

within 2–3 days of spathe opening becomes highly labo-

rious and expensive operation (Barfod et al. 2011;

Muralidharan et al. 2020). To overcome the problem in

over last 30 years, a large number of mechanical duster or

pollinator have emerged (Ibrahim 1988; Attalla et al. 1998;

Awad 2006, 2010, 2011). However, all of them need a

higher quantity of pollen than the traditional method as a

large section of pollen spreads away from the inflores-

cence, mostly due to wind and pressure exerted by the

pollinator (El-Mardi et al. 1998; Shabana et al. 1988).

Moreover, in many cases, late emergence of the male

inflorescence has also resulted in the pollen scarcity. Thus,

pollen is a limited precious resource in dates production

and its usage needs to be done efficiently. Many earlier

experiments suggest that pollen can be diluted with dif-

ferent adjuvants without hampering the fruit set and yield.

Khalil and Al-Shawaan (1983), El-Mardi et al.

(1995, 1998), Nasir et al. (1997) suggested usage of wheat

flour, Zaid and de Wet (2002) suggested usage of talcum

powder, Bashir et al. (2012) used combination of wheat

flour and saw dust, El-Refaey and Al-Dengawy (2017) used

a stimulative solution of pollen germination, while Abu-

Zahra and Shatnawi (2019) reported that pure pollen is

better than any dilution with water. Based on the literature

surveyed and need of our region, we tested efficacy of local

materials as adjuvants, viz. Maida flour (wheat flour

without husk), wheat flour, talcum powder, bajra flour

(pearl millet flour), ash and marble dust, and diluted them

in the ratio of 1: 9 and 1:19 to evaluate the amount of

adjuvant that can be added to the pollen without affecting

the fruit set and yield.

Materials and Methods

The experiment was conducted at Date Palm Research

Station, Sardarkrushinagar Dantiwada Agricultural

University, Mundra-Kachchh, Gujarat (22� 490 25.100 N &

69� 430 13.600 E), during the production season of

2016–2018 (3 years) with date palm plants cv. Hallawy of

the same age (9 years old on first year of experimentation),

transplanted from the same origin in the year 2007 at

8 m 9 8 m spacing and received similar management and

cultural practices. Five flower bunches were allowed to

grow on each tree and among them to maintain uniformity.

The experiment was conducted as randomized block design

with the factorial concept. Each treatment was replicated

three times (one tree per replication). The plants were

pollinated with pollen mixed with six different adjuvants

(Factor A), viz. a1 = maida flour (wheat flour without

husk), a2 = wheat flour, a3 = talcum powder, a4 = bajra

flour (pearl millet flour), a5 = ash and a6 = marble dust in

two different ratios (Factor R) (pollen: adjuvant), viz.

r1 = 1:9 and r2 = 1:19, measured in weight by weight (w/

w) basis presented in Table 1. The treatments were com-

pared with control, i.e., fresh pollen with no mixture.

The pollens were collected from the mature male

inflorescence of the same male plant in all the three flow-

ering season. The male inflorescences were harvested from

the plant when cracking in their spathe was observed by

cutting from the base of the spathe. The spadix covers over

the inflorescence were removed soon after the harvest to

avoid moisture gain inside the spathe followed by shade

drying (25–30 �C) for 3–4 days. The male inflorescence

was then dusted to extract out the pollen and was tested for

pollen viability which were then sieved using 40-lm sieve

and were collected in a glass bottle and kept at - 4 �C till

further usage. The pollen viability was tested for their

viability using acetocarmine test by staining the pollen in

slide with 1–2 drops of 1% acetocarmine and viewing them

under 200 X as described by Shaheen (2004). The pollens

were showing more than 95% viability. The collected

pollen was then mixed uniformly with adjuvant just before

pollination. Small pouches weighing 2 g were made of

pollen mixtures with and without adjuvants as per the

treatments for each bunch that were pollinated in the

experimentation. Pollinations were done in the morning

between 8 am and 10 am in every plant based on their

treatments by dusting pollen utilizing the amount present in

each pouch on the female inflorescence on the day of

spathe opening. The inflorescence is covered just after

pollination with a brown paper bag to avoid pollination

from other sources, and the cover was removed after

15 days of pollination. No fruit thinning of the selected

plants was done during experimental periods to avoid its

influence on the outcome of the experiment. Observations

for percent fruit set were taken by recording initial flower

count at the time of pollination from five strands of each of

three bunches from each replicated tree and recording the

proportionate number of fruits at the time of harvest

(Khalal stage). Number of fruits per bunch and yield

(kg/plant) were recorded at the time of harvest.

In the experiment, treatment comparison was done for

all the adjuvants with control; pollen dilution ratio with

control; and interaction of adjuvants and pollen dilution

ratio with control by pooling the data for all the 3 years of

observations (2016–2018). Statistical analysis was done

using ‘‘R’’ with ‘‘agricolae’’ package, and treatments’ sig-

nificance was measured at p = 0.05, while graphical rep-

resentation was made using ‘‘ggplot2,’’ ‘‘ggthemes’’ and
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‘‘tidyverse’’ packages of ‘‘R’’ (R Core Team 2019; Men-

diburu 2019; Wickam 2016, 2017; Arnold 2019).

Results and Discussions

The successful development of fruits is dependent on

successful pollination followed by fertilization; however,

the amount of pollen dusted on the inflorescence is only a

fraction of the pollen stick to the stigma, where the pollen

germinated among them only single pollen tube reaches the

ovary and sets the fruits (Lord and Russell 2002). It rep-

resents that even the diluted pollen can also set the fruits

based on which our experimental results are discussed

below.

Percentage Fruit Set

The effect of usage of all adjuvants on percent fruit set

pooled for 3 years (2016–2018) is presented in Fig. 1a. The

percent fruit set was observed in control with 52.59%

which was at par with the results of maida and talcum

powder with 47.39 and 49.69%, respectively, while the

lowest fruit set was observed with bajra flour with 41.40%.

Among different ratios of the adjuvants, dilution up to 1: 9

is at par with the control with 48.20% and 52.59%,

respectively, while dilution up to 1:19 shows lower fruit set

than control with 41.60% as presented in Fig. 1b. However,

each adjuvant was responding differently in different ratios

and the interaction effect was found to be significant as

presented in Fig. 1c. All the adjuvants diluted up to 1: 9

were showing at par percent fruit set with that of control;

however, the treatments (adjuvants) diluted to 1:19 only

talcum powder (47.72%) were showing at par results with

control, while the lowest fruit set was observed with pollen

diluted with marble dust with 36.35%. The average

reduction in fruit set (of all three years) in comparison with

control is presented in Fig. 2a which shows that lowest

reduction in fruit set was with talcum powder at 1: 9 ratio

(- 1.74%) which on diluting to 1:19 shows - 9.26%,

whereas in case of maida, ash and marble dust the reduc-

tion in percentage fruit at 1:19 ratio was approximately

three times higher than that of 1:9 while in case of wheat it

was two times and in bajra it is 1.5 times.

Number of Fruits per Bunch

The number of fruits influenced by different adjuvants is

presented in Fig. 1d. The highest number of fruits per

bunch was recorded in control (1467.51) which was found

to be at par only with that of talcum powder (1365.64),

while the lowest number of fruits per bunch was observed

in bajra flour (1153.94). On comparison of different ratios,

control was having the highest number of fruits which was

at par with the ratio of 1:9 (1390.07), while the ratio of

1:19 was showing 1148.39 number of fruits/bunches as

presented in Fig. 1e. When both the characters were stud-

ied together, the highest number of fruits in control was at

par with all the adjuvants diluted at 1:9 ratio while none of

the adjuvants diluted at 1:19 was at par with control.

However, talcum powder at a ratio of 1:19 (1286.18) was at

par with its dilution at 1:9 ratio (1445.09), while the lowest

number of fruits was observed with bajra as adjuvant at

1:19 ratio (1052.83). On comparison of reduction in a

number of fruits in comparison with control in the ratio of

1:9, a range of - 1.52% in talcum powder to - 14.47%

bajra flour was observed while in the ratio 1:19 range of

- 14.47% in talcum powder to - 28.25% in bajra flour

was observed. The reduction in the number of fruits was

approximately seven to eight times higher in pollen mix-

ture with the ratio of 1:19 compared to that of 1:9 as pre-

sented in Fig. 2b.

Yield

The highest yield among different adjuvants was observed

in control (59.88 kg/tree) which was at par with talcum

powder (56.57 kg/tree) while the lowest was observed with

Table 1 Dilution materials and ratios used for experimentation

Factor A: adjuvant Factor R: pollen dilution ratio (w/w)

a1 Pollen powder ? maida r1 1:9

a2 Pollen powder ? wheat flour r2 1:19

a3 Pollen powder ? talcum powder Control (no adjuvant)

a4 Pollen powder ? bajra flour

a5 Pollen powder ? ash

a6 Pollen powder ? marble dust

Control (no adjuvant)
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bajra flour (49.39 kg/tree) as presented in Fig. 1g. Among

different ratios of dilution, the highest was recorded with

control which was at par with dilution up to 1:9 (57.61 kg/

tree) as presented in Fig. 1h. In the interaction effect of

adjuvant and the ratios, the results are in line with per-

centage fruit set with control giving the highest yield which

was at par with all the adjuvants mixed in the ratio of 1:9;

however, only talcum powder was showing at par results

with the control at the ratio of 1:19 (54.23 kg/tree) as

presented in Fig. 1i. On comparison in reduction in yield in

reference to control, it is observed that in pollen mixture at

ratio of 1:9 the reduction ranges from - 1.23% in marble

dust to - 7.58% in bajra flour, while at the ratio of 1:19

the reduction ranges from - 9.43% in talcum powder to

- 27.46% in bajra flour. On comparison of the adjuvants

for reduction percentage among their ratios at 1:9 and 1:19,

it was almost four to five times higher in maida flour, wheat

flour and bajra flour while it is seven times in talcum

powder and more than twelve times in ash and marble dust

as presented in Fig. 2c.

Fruit set percentage was dependent on the success of

fertilization which also impacts the number of fruits per

bunch and overall yield of the plant. One of the major

contributing factors in success or failure of fertilization is

pistillate receptibility which may be based on four factors,

viz. (i) days after spathe opening, (ii) time of pollination,

(iii) temperature of inflorescence at the time of pollination,

(iv) pistillate moisture content (Muralidharan et al. 2020;

Fig. 1 a Effect of different adjuvants mixed with pollen on

percentage fruit set of date palm; b effect of different proportions

of pollen mixed on percentage fruit set of date palm; c effect of

different adjuvants mixed in different ratios with pollen on percentage

fruit set of date palm; d effect of different adjuvants mixed with

pollen on number of fruits per bunch of date palm; e effect of

different proportions of pollen mixed on number of fruits per bunch of

date palm; f effect of different adjuvants mixed in different ratios with

pollen on number of fruits per bunch of date palm; g effect of

different adjuvants mixed with pollen on yield of date palm; h effect

of different proportions of pollen mixed on yield of date palm; i effect
of different adjuvants mixed in different ratios with pollen on yield of

date palm. The data are pooled for the year (2016–2018); values

marked with same alphabets are at par with each other; bar in the

figure represents standard error of mean; L.S. D. (p = 0.05) = least

significant difference at 5% level of significance; C.V. % = coeffi-

cient of variation in percentage
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Sharma et al. 2019; Cohen et al. 2016; Zheng et al. 2018).

Since the pollination was done within 2 days of spathe

opening, the first criteria are taken care of. The time of

pollination and temperature of inflorescence are interre-

lated to each other, and based on our earlier experimenta-

tion, pollination was done when it was highly receptive

(Sharma et al. 2019). However, moisture content of pistil

might get influenced with the usage of dilution materials.

Since the wheat flour, bajra flour, maida flour are edible

products, they are also used for dough making and might

absorb the moisture content of the pistil which might

increase at higher level of flour (more dilution ratio).

Formation of sticky dough was also observed in a bunch

where pollination was followed by foggy weather in the

next morning and that might influence the fruit set per-

centage at higher level of dilution (Fig. 1c). Moreover, in a

few bunches the presence of ants was also observed col-

lecting the flour dusted on the inflorescence. The amount of

flour might increase when pollen mixture is dusted in larger

amount and may invite insects which feed on edible

materials like flour and create additional problems. While,

stone powder, ash and talcum powder were having no such

property; however, stone powder and ash at higher con-

centration found to be reducing fruit set, number of fruits

and yield in date palm, while talcum powder was found to

be a suitable option which unlike others talcum powder

only showed reduction in yield approximately up to 9.5%

while other adjuvants were showing as high as 27.5% in

yield on dilution up to 1:19 and can be used as an adjuvant

for the pollen. Talcum powder superiority may be attrib-

uted to its smaller particle sized which helps in uniform

covering of pollen surface area and have more hydrophobic

nature so has less desiccation power (Vaknin et al. 1999). It

is also reflected when talcum powder is used in higher

proportion too.

It is to note that for success of pollination followed by

fertilization, pistil needed a fraction of pollen quantity

compared to what we dust in our traditional method.

During the time of pollen scarcity or low availability of

pollen, dilution of pollen up to 1:19 with talcum powder

can be a best approach as it will multiply the available

pollen to twenty times of its capacity, i.e., the 2 g of pure

pollen which was used to pollinate a single inflorescence

can be mixed with 38 g of talcum powder to pollinate 20

inflorescence. The same method is also applicable for

mechanical dusters which generally uses higher amount of

pollen as discussed earlier. In many of the earlier literatures

based on the research conducted at different institutions,

various dilution ranges are suggested based on the adjuvant

used. Haffar et al. (1997) recommended usage of 1:10 ratio

with wheat flour, while Al-Wusaibai et al. (2012), Bashir

et al. (2012), El-Mardi et al. (1998) recommended 1:15, 1:1

and 1:9 ratio of wheat flour. Zaid and de Wet (2002)

suggested usage of 1:9 ratio of talcum powder; however,

Abu-Zahra and Shatnawi (2019) found the best yield

results with usage of fresh pollen only. However, the cur-

rent experiment will allow to further dilute the pollen up to

1:19 with talcum powder for wider usage.

Conclusion

In date palm, timely availability of pollen in required

quantity for both hand and mechanical pollination is one of

the major concerns among the date growers of the world.

We evaluate low-cost, easily available adjuvant and their

different proportions for increasing uniform distribution of

date pollination for fruit setting and yield. Our study

advocates to use of talcum powder, which is easily avail-

able to date growers and has come as a potential and

Fig. 2 a Percentage reduction in percentage fruit set with reference

to control; b percentage reduction in number of fruits/bunches with

reference to control; c percentage reduction in yield with reference to

control. Note: The data are pooled for three years (2016–2018)
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suitable adjuvant which could be mixed with pollen up to

1:19 ratio without impacting fruit set and yield.
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