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ABSTRACT

Water stress created in turmeric varieties Acc 48 and Acc 79 by irrigating them in different intervals. Water
stress influence on morpho-logical features, physio-logical and yield features of both the varieties was
investigated. In this study irrigation treatments divided into three groups. Group A control receives water
weekly once. For every two weeks once group B was irrigated and for every three weeks once group C was
irrigated. Plants which are under heavy water stress showed gradual reduction in morphological,
physiological  and in yield parameters, i.e. ‘plant height, number of leaves, width of the leaf, fresh and dry
weight of rhizome, Relative Growth Rate, Net Assimilation Rate’. Acc 48 & Acc 79 morphological- parameters,
physiological and yield parameters was slightly affected in moderate stress compared to control. Among
the two Acc 48 resisted water stress in moderate stress condition than Acc 79. In heavy water stress condition,
the two varieties severely affected compared to control and moderate stress. Among the two varieties Acc
48 was less affected. In all the treatments Acc 48 was less affected in all aspects except in thin and tuberous
roots number. To cope up with water stress length of thin and tuberous roots of both the varieties were
increased in heavy and moderate water stress condition. Irrigating turmeric two weeks once showed minor
impact on plants than irrigating them three weeks once. In heavy water stress, plants was affected in all
morphological, physiological and yield aspects.
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Introduction

Turmeric (Curcuma) is the popular spice across the
globe since ancient times. Especially Turmeric has
unique place in Indian lives. Widely using in culi-
nary, Spiritual, one of the key component of herbal
preparations. Based on the Active phyto chemical
constituents, pharmalogical, biological properties its
being treated as king of spices. Turmeric, known as
Pasupu in telugu, Haldi in Hindi belongs to family
Zingiberaceae, is a most wanted spice. This plant
botanically called Curcuma longa. It’s also called as
“‘Indian Solid Gold”’” and “‘Indian Saffron”’.
“Curcumin, De-methoxy curcumin, Bis -de methoxy

curcumin” are the important active components
present in the  turmeric. Among these components
curcumin is the pivotal component. Curcumin has
numerous properties they are” anti-inflammatory,
anticancer, antitumor, antibacterial, antioxidant,
antidiabetic, antiallergic properties” (Singh et al.,
2012;  Devassy et al., 2015; Deogade and Ghate 2015;
Shehzad et al., 2013).

Water supply can be considered as major factor
that influences growth of plant, it also adversely af-
fects production of secondary metabolites.
(Randhawa et al., 1992, 1996). Metabolic responses
and physiological actions were hugely reduced due
to moisture absence (Flevas et al., 2002). No water
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supply to plants leads to drastic changes in growth
of plants and in photosynthesis rate. However, some
reports which are available confirmed that provid-
ing limited water to plants improves the secondary
metabolites biosynthesis, accumulation of solutes
and enzyme related activities (Singh-Sangwan et al.,
2001). Providing varied levels of water to plants i.e
(I100, I50 and I0). At level I0 Growth of the plant (i.e
height of the plant and plant dry- matter weight)
was remarkably decreased (Farshid Vazin., 2013).
Depletion in area of leaf, leaf -senescence and re-
duced cell development was developed due to wa-
ter undersupply conditions (Kafi and Damghani
2001).

Under supply of water may be primarily influ-
ence “the primary, secondary metabolites biosyn-
thesis, plant -lipids, plasma- membrane”. Fatty-ac-
ids components undergo modifications in several
crops due to lack of water.  Essential- oil biosynthe-
sis also affected by water stress (Laribi et al., 2009;
Bourgou et al., 2011; Bettaieb et al., 2011, 2012").

An objective of  this study was to analyze the pro-
ductivity of improved varieties of Curcuma plant
(Acc 48, Acc 79) under different water stress condi-
tions.

Water plays a crucial role in plant growth and its
production of several  crops and medicinal plants
was proved by several researchers. Plant height,
Total plant fresh weight, Total dry-weight of crop
“Satureja hortensis” was awfully reduced under soil
water debt conditions. (Baher et al., 2002)

“Water use efficiency” (WUE), can be considered
as a parameter of crop quality and performance un-
der water stress is an supreme choosen feature.
However, plants have emerged numerous  actions
at molecular level to decrease their resource usage
and regulate their growth to adapt to unfavorable
climatic conditions (Ahuja et al., 2010; Skirycz and
Inze, 2010; Osakabe et al., 2011; Ha et al., 2014).

Water stress directly shows impacts on  photo-
synthesis rate due to the reduced Carbondioxide
availability- resulted from closure of  stomatal
(Chaves et al., 2009), or from alterations  in Photo-
synthetic- metabolism (Lawlor, 2002)

A Study on “Eragrostis curvula”  plant  cultivated
under water stress showed that plant number, stem
number, dry weight was affected adversely (Colom
and Vazzana 2002).A research  conducted on rose-
mary plant which undergone water stress condi-
tions confirmed depletion in morphological param-
eter and  volatile oils  percentage was increased. But

the yield of  volatile oil declined due to less supply
of water (Leithy et al., 2006; Hassan et al., 2013).

Materials and Methods

A field study was conducted during the year 2019-
20 at the University College of Science, Saifabad,
Hyderabad.  Arid type of climate was recorded in
the Hyderabad. Black soil was used for the study.
pH of the soil was 6.8. Soil consists available nitro-
gen, phosphorus, potassium in the concentrations of
560.0, 29.7, 178.5. Pots used during the study with
two treatments including control in three replicates
in order to study the morphological, physiological
and yield parameters of turmeric. Two varieties of
turmeric were used for the study they are Acc 48
and Acc 79. They  are short duration crops. The
healthy rhizomes of turmeric varieties collected
from Horticulture and Sericulture Department,
Nizamabad, Telangana, India. Sterilization of rhi-
zomes were done by using metaloxin mancozeb
(150g/150 ml concentration) by soaking for half an
hour. After half an hour, the turmeric rhizomes were
dried in shade for around one hour and thirty min-
utes and sowed in the pots. 60 days after planting, a
fungicide named 70% thiophanate methyl were ex-
ogenously applied to the saplings.

Each group is divided into following treatments,
i.e control giving water in 7 days interval, Moderate
water stress giving water in 14 days interval, Heavy
water stress giving water in 21 days interval. Plants
for observation were randomly selected from con-
trol and treatments to study experimental param-
eters. The parameters choosed for the study is ger-
mination percentage where, readings taken at 30, 50,
70, 90 days after introducing the rhizomes to the
soils of control and treatment groups, height of the
plants, total numbers of thin and tuberous adventi-
tious roots, thin and tuberous roots length ,number
of functional leaves, leaf length, leaf width per plant
of treatments and control groups were measured in
centimeters, Leaf Area was evaluated by Portable
Area Meter (LI-COR) Model LI-3,000 in cm2.
Radford (1967) method was followed to measure the
plant Net Assimilation Rate, fresh weight of mother
rhizome was measured in grams at 180 and 240
DAP by using the electrical balance, length of
mother rhizome was measured in grams at 60, 120,
180, 240 DAP, width of mother Rhizome was mea-
sured in grams at 240 DAP. Dry weight of mother
rhizome was measured in grams at 180 and 240
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DAP by using the electrical balance, fresh weight of
mother rhizome was measured in grams at 240
DAP. Radford (1967) method was followed to mea-
sure the plant Relative Growth Rate. Means were
calculated and used for analyzing the morphologi-
cal, physiological and yield aspects.

Results and Discussion

Morphological parameters

Water stress shows drastic effects on germination
percentage of turmeric. At 30th day after plantation
both the varieties Acc 48 and Acc 79   showed sixty-
six percent germination rate. Acc 48 and Acc 79
showed 100 percent germination from 70th day on-
wards in control where water is given 7 days once.
In case of moderate stress Acc 79 showed poor ger-
mination percentage compared to Acc 48 (Fig. 1).

In the heavy stress condition only 33 percent ger-
mination on 50th day was recorded in both varieties.
In the heavy stress condition Acc 48 germination
percentage was less affected than Acc 79.

Plant height varied at different stages of growth
of turmeric significantly differed among treatments
(Fig. 2). Plant height was measured on 60, 120, 180,
240 DAP. Maximum Plant height was noted in Acc
48 (120 cm at 240 DAP) in control on compared to
Acc 79 (82 cm at 240 DAP). Acc 48 (95 cm at 240
DAP) showed maximum Plant height than the Acc
79(63.5 cm at 240 DAP) in case of moderate stress
condition. Compared to control the plants which
faced moderate stress showed reduced plant height.
In case of heavy stress plant height was more af-
fected in Acc 79 (40.2 cm at 240 DAP) compared to
Acc 48 (56.9 cm at 240 DAP). Heavy water stress re-
duced Plant height in both the varieties.

Number of thin and tuberous adventious roots at

Fig. 1. Effect of irrigation intervals on Germination percentage of Mother Rhizome of Acc 48 and Acc 79
at 30,50,70,90 days after plantation (mean of season 2019 - 2020).

Fig. 2. Effect of irrigation intervals on Plant height of Mother Rhizome of Acc 48 and Acc 79 at 60, 120, 180,
240 days after plantation (mean of season 2019 -2020).
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different stages of growth of turmeric significantly
differed among treatments (Fig. 3). Number of thin
and tuberous adventious roots was measured on 60,
120, 180, 240 DAP. Outrageous number of thin and
tuberous adventious roots was noted in Acc 79 (23 at
240 DAP) than Acc 48 (22 at 240 DAP). Maximum
number of thin and tuberous adventious roots noted
in Acc 79 (16 at 240 DAP) than the Acc 48 (14 at 240
DAP) in case of moderate stress condition. Com-
pared to control the plants which faced moderate
stress showed less number of thin and tuberous
adventious roots. In case of heavy stress few number
of thin and tuberous adventious roots noted in Acc
48 (8 at 240 DAP) than Acc 79(10 at 240 DAP).
Heavy stress greatly reduced number of thin and
tuberous adventious roots.

Length of thin and tuberous adventious roots at
different stages of growth of turmeric significantly
varied among treatments (Fig. 4). Length of thin and

Fig. 3. Effect of irrigation intervals on number of thin and tuberous adventious roots of Acc
48 and Acc79 at 60,120,180,240 days after plantation (Mean of season 2019 - 2020).

tuberous adventious roots were measured on 60,
120, 180, 240 DAP. Maxium Length of thin and tu-
berous adventious roots were recorded in Acc 48
(9.3 cm at 240 DAP) compared to  Acc 79 (7.6 cm at
240 DAP) in control.

In moderate stress condition length of thin and
tuberous adventious roots were slightly increased in
both the varieties compared to control. Among them
maximum length observed in Acc 48 (9.7 cm at 240
DAP) than Acc 79 (7.7 cm at 240 DAP). In case of
heavy stress condition length of thin and tuberous
adventious roots were increased in Acc 48 (10.0 cm
at 240 DAP) and Acc 79 (8.0cm at 240 DAP) com-
pared to control and moderate stress. Among the
two varieties thin and tuberous adventious roots
length was maximum in Acc 48 at 60, 120, 180, 240
days after plantation compared to Acc 79.

 Number of leaves per plant at different stages of
growth of turmeric significantly differed among

Fig. 4. Effect of irrigation intervals on Length of Thin and Tuberous Adventious roots in cm of Acc
48 and Acc79 at 60,120, 180, 240 days after plantation (mean of season 2019 - 2020).
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treatments (Fig. 5). Number of leaves per plant was
measured on 60, 120, 180, 240 DAP. Maximum leaf
number recorded in Acc 48 (8 at 240 DAP) than Acc
79 (7 at 240 DAP). The number of leaves in Acc 48
and Acc 79 slightly reduced in the plants which
were undergone moderate water stress compared to
control.  Among the two varieties leaves were less
affected in Acc 48 (6 at 240 DAP) compared to Acc
79 (5 at 240 DAP). Very few leaves were recorded at
60, 120, 180, 240 days after plantation in the heavy
stress condition compared to control and moderate
stress. Among the two varieties Acc 48 is less af-
fected. Acc 79 (4 at 240 DAP) was more affected
than Acc 48 (5 at 240 DAP) compared to control and
moderate stress. The leaves number observed under
the extremely stressed treatment (CG 80–85% MAD)
are in agreement with the findings on the response
of water stress on essential oil of oregano (Auges
Gatabazi et al., 2019, Said-A l Ahl et al., 2009.

Leaf length of  mother rhizome (cm) at different
stages of growth of turmeric significantly varied
among treatments (Fig. 6). Leaf length was mea-

Fig. 5. Effect of irrigation intervals on Number of leaves of Mother Rhizome of Acc 48 and
Acc79 at 60, 120, 180, 240 days after plantation (mean of season 2019 - 2020)

sured on 60, 120, 180, 240 DAP. In control maxium
leaf length was noted in Acc 48 (47.5 cm at 240 DAP)
than Acc 79 (40.5 cm at 240 DAP). In moderate stress
condition leaf length was very less affected in Acc 48
compared to Acc 79  at 60, 120, 180, 240 DAP. Both
the varieties Acc 48 (41 cm at 240 DAP) and Acc 79
(33 cm at 240 DAP) were slightly reduced in moder-
ate stress compared to control.

In heavy stress condition leaf length was greatly
affected in Acc 48 and Acc 79 compared to control
and moderate stress. Among the two varieties leaf
length was less affected in Acc 48(35 cm at 240 DAP)
compared to Acc 79 (22.2 cm at 240 DAP).

Leaf width of mother rhizome (cm) at different
stages of growth of turmeric significantly differed
among treatments (Fig. 7). Leaf width was mea-
sured on 60,120,180,240 DAP. In control maxium
leaf width was noted in Acc 48 (12 cm at 240 DAP)
than Acc 79 (11 cm at 240 DAP).

In moderate stress condition leaf width was less
affected in Acc 48 than Acc 79 at 60, 120, 180, 240
DAP. Compared to control both the varieties Acc 48

Fig. 6. Effect of irrigation intervals on Leaf Length of Mother Rhizome in cm  of Acc 48 and Acc
79 at 60, 120, 180, 240 days after plantation (mean of season 2019 - 2020)
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(8.7 cm at 240 DAP) and Acc 79 (8.5 cm at 240 DAP)
were slightly reduced. In heavy stress condition leaf
width was more affected in Acc 79 and Acc 48 com-
pared to control and moderate stress. Among the
two varieties leaf width was less affected in Acc 48
(6.9 cm at 240 DAP) compared to Acc 79 (6.3 cm at
240 DAP).

Physiological aspects

Leaf Area of mother rhizome plant was measured in
square centimeters at different stages of growth of
turmeric significantly varied among treatments (Fig.
8). Leaf area was measured on 60, 120, 180, 240
DAP. In control maxium leaf area was noted in Acc
48(178 cm2 at 240 DAP). In moderate stress condi-
tion leaf area was less affected in Acc 48 than Acc 79
at 60, 120, 180, 240 DAP. Compared to control both
the varieties Acc 48(148 cm2 at 240 DAP) and Acc 79
(126.5 cm2 at 240 DAP) were slightly reduced. In
heavy stress condition leaf area was more affected in
Acc 79 (81 cm2 at 240 DAP) and Acc 48 (95.5 cm2 at
240 DAP) compared to control and moderate stress.
Among the two varieties leaf area was less affected
in Acc 48.

Fig. 8. Effect of irrigation intervals on Leaf Area of Mother Rhizome in cm2 of Acc 48 and Acc 79 at
60,120,180,240 days after plantation (mean of season 2019 - 2020)

Fig. 7. Effect of irrigation intervals on Leaf Width of Mother Rhizome in cm of Acc 48 and
Acc 79 at 60, 120, 180, 240 days after plantation (mean of season 2019 - 2020)

Leaf Area Index of mother rhizome plant at dif-
ferent stages of growth of turmeric significantly var-
ied among treatments (Fig. 9 ). Leaf area Index was
measured on 60, 120, 180, 240 DAP. In control
maxium leaf area index was noted in Acc 48 (4.06 at
240 DAP).

In moderate stress condition leaf area index was
less affected in Acc 48 than Acc 79 at 60, 120, 180,
240 DAP. Compared to control both Acc 48 (3.7 at
240 DAP) and Acc 79 (3.3 at 240 DAP) were slightly
reduced. In heavy stress condition leaf area index
was more affected in Acc 79 (2.5  after 240 DAP) and
Acc 48 (2.9 at 240 DAP) compared to control and
moderate stress. Among the two leaf area index was
less affected in Acc 48 than Acc 79.

Net Assimilation Rate of mother rhizome was
measured after 240 DAP. It was observed that Acc
79 Net Assimilation Rate was more affected com-
pared to Acc 48 in controls (Fig.10).

In moderate stress condition Net Assimilation
Rate of mother rhizome were highly affected in Acc
79 and Acc 48 compared to control. Among the two
varieties Acc 48 performance is good than the vari-
eties Acc 48 at 240 DAP.
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Fig. 9. Effect of irrigation intervals on Leaf Area Index of Mother Rhizome of Acc 48 and Acc
79 at 60, 120, 180, 240 days after plantation (mean of season 2019 - 2020)

Fig. 10. Effect of irrigation intervals on Net Assimilation Rate of Mother Rhizome of Acc 48 and Acc 79
at 240 days after plantation (mean of season 2019 - 2020)

In heavy stress condition Net Assimilation Rate
was affected outrageous in Acc 79 and Acc 48 com-
pared to control and moderate stress. Among the
two Net Assimilation Rate  was less affected in Acc
48.

Yield aspects

Fresh weight of mother rhizome was measured in
grams at different stages of growth of turmeric.
Fresh weight was measured on 180, 240 DAP. Their
values significantly varied among treatments (Fig.
11). In control maxium fresh weight was noted in
Acc 48 (46 g at 240 DAP).

In moderate stress condition fresh weight was
less affected in Acc 48 compared to Acc 79 at 180,
240 DAP. Compared to control both the varieties
Acc 48 (36 g at 240 DAP) and Acc 79 (26 g at 240
DAP) was slightly reduced.

In heavy stress condition fresh weight was more
affected in Acc 48 (26 g at 240 DAP) and Acc 79 (19.0
g at 240 DAP) compared to control and moderate
stress .Among the two fresh weight was highly af-
fected in Acc 79 than Acc 48.

Length of mother rhizome was measured in cen-
timeters at different stages of growth of turmeric.
Length of mother rhizome was measured on 60, 120,
180, 240 DAP. Their readings were significantly var-
ied among treatments (Fig. 12). Maximum length of
mother rhizome was noted in Acc 48 (control 6.5 cm
at 240 DAP).

In moderate stress condition length of mother
rhizome was highly affected in Acc 79 than Acc 48 at
60, 120,180, 240 DAP. Compared to control both the
varieties Acc 48 (5.8 cm at 240 DAP) and Acc 79 (5.1
cm at 240 DAP) were slightly reduced.

 In heavy stress condition length of mother rhi-
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Fig. 11. Effect of irrigation intervals on Fresh weight of Mother Rhizome in g of Acc 48 and Acc 79
at 180, 240 days after plantation (mean of season 2019 - 2020)

Fig. 12. Effect of irrigation intervals on length of Mother Rhizome in cm of Acc 48 and Acc 79 at 60, 120,
180, 240 days after plantation (mean of season 2019 - 2020)

zome was more affected in Acc 79 (4.7 cm at 240
DAP) and Acc 48 (5 cm at 240 DAP) compared to
control and moderate stress. Among the two variet-
ies length of mother rhizome was least affected in
Acc 48 than Acc 79.

Mother rhizome width was measured in centime-
ters at 240 DAP. Their observations were signifi-
cantly varied among treatments (Fig. 13). In control
maximum Width of mother rhizome was recorded
in Acc 48 (4 cm after 240 DAP).

In moderate stress condition width of mother rhi-
zome was highly affected in Acc 79 (2.4 cm) than
Acc 48 (3 cm) at 240 DAP. Compared to control both
the varieties are slightly reduced.

 In heavy stress condition Width of mother rhi-
zome was highly affected in Acc 79 (2 cm) and Acc

48 (2.4 cm) compared to control and moderate
stress. Among the two varieties mother rhizome
width was less affected in Acc 48.

Dry weight of mother rhizome was measured in
grams at 180, 240 days of growth of turmeric signifi-
cantly differed among treatments (Fig. 14). In con-
trol maximum dry weight was observed in Acc 48
(10.4 g at 240 DAP).

In moderate stress condition dry weight was
slightly affected in Acc 48 compared to Acc 79 at
180, 240 DAP. Compared to control both the variet-
ies Acc 48 (7.5 g at 240 DAP) and Acc 79 (5.2 g at 240
DAP) were slightly reduced.

 In heavy stress condition dry weight was highly
affected in Acc 48 (5 g at 240 DAP) and Acc 79 (3.6
g at 240 DAP) compared to control and moderate
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stress. Among the two varieties dry weight was less
affected in Acc 48.

Relative Growth Rate of Mother Rhizome was
measured at 240 DAP. It was observed that Acc 48
(0.017 at 240 DAP) Relative Growth Rate was less
affected than Acc 79 (0.016 at 240 DAP) in control
(Fig.15). In moderate stress condition Relative
Growth Rate of mother rhizome was affected more
in Acc 79 (0.015 at 240 DAP) and Acc 48 (0.016 at 240
DAP) compared to control. Among the two selected
varieties Acc 48 performance is good than the vari-
eties Acc 79 at 240 DAP. In heavy stress condition
Relative Growth Rate  was more affected in both the
varieties compared to control and moderate stress
.Among the two varieties dry weight  was highly
affected  in Acc 79(0.011 at 240 DAP) compared to
Acc 48 (0.012 at 240 DAP).

Research conducted by Ibrahim Bolat et al., 2014
also confirmed that enhancing water- stress reduced
the Relative Shoot Length and its diameter, total-
fresh weight of plant and total dry weight of plant.
Leaf Relative Water content and chloro-phyll- index
decreased while electrolyte leakage enhanced with
the increase of water stress in both rootstocks of

“Apple and Quince”.
Mean of weight of whole rhizome was measured

in kilograms per plant of selected varieties at 240
Days after Plantation (DAP). It was observed that
Acc 48 at 240 DAP rhizome whole length was maxi-
mum than Acc 79 in control (Fig. 16).

 In moderate stress condition weight of whole
rhizome were affected more in both the varieties
compared to control. Among the two selected vari-
eties Acc 48 rhizome weight was maximum than the
variety Acc 79 at 240 DAP.

In heavy stress condition rhizome whole weight
was more affected in both the varieties compared to
control and moderate stress. Among the two variet-
ies whole rhizome weight was less affected in Acc 48
than Acc 79.

Readings noted were agreed with the results  of
Leithy et al. 2006 who conducted studies on Rose-
mary plant, “Bettaieb et al. 2012  who conducted
studies on cumin plant and El-Mekawy (2013) who
conducted studies on Achillea santolina L. El-Tahir et
al. (2011) who stated that, this all may be due to vi-
tal roles of water- supply at adequate amount of dif-
ferent physiological processes such as photo-synthe-

Fig. 13. Effect of irrigation intervals on Width of Mother Rhizome in cm of Acc 48 and Acc
79 at 240 days after plantation (mean of season 2019 and 2020)

Fig. 14. Effect of irrigation intervals on Dry weight of Mother Rhizome in grams of Acc 48
and Acc 79 at 180,  240 days after plantation (mean of season 2019 and 2020)
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sis, respiration, transpiration, trans-location, en-
zyme- reaction and cell turgidity occurs simulta-
neously”.

Conclusion

According to the study conducted in the year 2019-
20, Acc 48 showed good germination percentage,
Plant height, maximum length of thin and tuberous
roots, leaf number, leaf length, leaf width, maximum
leaf area, leaf area index, length of mother rhizome,
width of mother rhizome, fresh weight, dry weight,
Relative growth rate and net assimilation rate in
control than Acc 79. Acc 79 showed highest number
of thin and tuberous roots in control compared to
Acc 48. In moderate stress these parameters was
slightly reduced in Acc 48 and Acc 79 compared to
control. Among the two Acc 48 was less affected at
60, 120, 180, 240 DAP. In heavy water stress condi-

tion all these parameters was more affected in Acc
48 and Acc 79 compared to control and moderate
stress. Among the two Acc 48 was less affected than
Acc 79.

Acc 79 thin and tuberous roots number was more
in control and their roots number was less affected
in moderate and heavy stress condition than Acc 48.
To cope up with water stress length of thin and tu-
berous roots were increased in heavy and moderate
stress in both the varieties. Among two varieties
their roots length maximum was recorded in Acc 48.
Irrigating turmeric two weeks once showed minor
impact on plants than irrigating them three weeks
once. In heavy water stress, plants was affected in all
morphological, physiological and yield aspects.
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