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Table 1. Physical and chemical characteristics of experimental soil

Location of EC H TNV oM Total N P K Clay Silt Sand Texture
experiment dsmt P % % mg.kg?  mg.kg!  mg.kg?! % % %
. Pakdasht, 313 719 1497 428 4100 1721 1027 17 41 42 Loam
ehran province
Gi Lahijan, 0267 683 0463 492 3900 8.86 423 25 33 42 Loam
ilan province
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Table 2. Irrigation cycle treatments effects on irrigation number and irrigation water volume in Zingiber
officinale farm

Region Irrigation cycle (day) Irrigation number Irrigation water volume (m?)
4 45 67.5
Pakdasht 6 35 52.5
8 30 45
4 33 49.5
Lahijan 6 27 405
8 23 345
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Table 3. ANOVA of some Zingiber officinale morphological traits affected by irrigation cycle and NPK elements treatments

Mean Square

Number of
(s.0.V) df Plant height Stem diameter Number of leaves Leaf area branches Le_af area

per plant per plant index

Replication 2 113.03 0.02 81.14 16737.39 0.60 0.02
Irrigation cycle (1) 2 1737.48** 0.68** 6666.7** 13574092.80** 31.77** 23.98**

Pakdasht Experimental error? 4 15.03 0.0007 80.25 20275.36 0.16 0.03
NPK 2 330.03** 0.07** 1592.48** 642695.65** 5.13** 1.13**

IXNPK 4 24.53** 0.004* 455.09** 129012.78** 0.31** 0.22**

Experimental error® 12 3.48 0.001 65.61 10107.67 0.045 0.01

C.V. (%) - 2.56 2.53 9.32 4.42 3.5 4.45

Replication 2 3.81 0.011 34.77 67144.93 0.038 0.10
| 2 599.59** 0.22** 4038.11** 12491284.15** 19.67** 21.93**

hii Experimental error? 4 1.64 0.0002 60.05 6959.23 0.17 0.01
Lahijan NPK 2 625.59** 0.15%* 4027 44 2062734.72%* 12.42% 3.48**
IXNPK 4 8.92* 0.0017* 275.22** 2940.29ns 0.08ns 0.006ns

Experimental error® 12 2.64 0.00009 14.01 5519.17 0.03 0.012

C.V. (%) - 1.87 0.56 3.26 2.17 2.50 2.46

** *and ns Significance at the level of 1%, 5% and none significance
S| aiks ;3 NPK ole olal s sl L35G cow (Zingiber officinale) Je 5 K558 50 Clio S0 ol anylio —F Joas
Table 4. Means comparison of some Zingiber officinale morphological traits affected by irrigation cycle and NPK elements treatments in Pakdasht region

T Plant height Stem diameter Number of leaves Leaf area per plant Number of branches Leaf area
reatment 2 i
(cm) (cm) per plant (cm?) per plant index

V1F1 88b 1.72b 108.66b 3617.67b 7.96b 4.8b
V1F2 96.66a 1.83a 147a 4079.57a 9.4a 5.42a
V1F3 78¢c 1.60c 94c 3072.33c 7.2¢c 4.08c
V2F1 70.33d 1.38ed 81.33cde 2042.20de 5.5e 2.71de

Pakdasht V2F2 75.33c 1.43d 87.33cd 2215.53d 6.16d 2.94d
V2F3 66.33ed 1.33e 74def 1942.07e 4.86fg 2.58e
V3F1 60fg 1.20f 64fg 1198.33f 4.5g 1.59f
V3F2 64.33ef 1.26f 69efg 1300.67f 5.1ef 1.72f
V3F3 55.669 1.04g 56.33g 979.67g 4.1h 1.29g

V1, 2, and 3: irrigation cycles at 4, 6, and 8 days levels, respectively; F1, 2, and 3: NPK elements at NagoP100K200, NasoP1soKazso, and NasoPsoKiso (kg.hat) levels, respectively.
Means with the same letters are not significantly different (LSD test).
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Table 5. Means comparison of some Zingiber officinale morphological traits affected by irrigation cycle and NPK
elements treatments in Lahijan region

Plant height Stem diameter
Treatment Number of leaves per plant
(cm) (cm)
V1F1 93.33c 1.84c 131b
V1F2 104a 1.99a 168.66a
V1F3 85d 1.68e 104.66d
V2F1 87d 1.72d 116¢
Lahijan V2F2 98b 1.87b 132.66b
V2F3 80e 1.63f 101.33d
V3F1 76.66f 1.52g 92.33e
V3F2 85d 1.65f 108.33cd
V3F3 72.339 1.42h i
Leaf area per plant Number of branches .
Treatment Leaf area index
(cm?) per plant
V1 4273.8a 9.15a 5.63a
V2 3910.5b 7.58b 5.15b
B V3 2076.02c 6.2¢c 2.72c
Lahijan
F1 3494.33b 7.55b 4.61b
F2 3857.4a 8.86a 5.06a
F3 2908.59¢ 6.52¢ 3.84c

V1, 2, and 3: irrigation cycles at 4, 6, and 8 days levels, respectively; F1, 2, and 3: NPK elements at NzooP100K200, NasoP150Kzso, @and NasoPsoKiso

(kg.hal) levels, respectively.
Means with the same letters are not significantly different (LSD test).
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Table 6. ANOVA of some Zingiber officinale yield traits affected by irrigation cycle and NPK elements

treatments
Mean Square
. Rhizome dry .
S.O0.V. Rhizome fresh . . Yield per
d.f. . weight per Yield per m?
weight per plant hectare
plant
Replication 2 127.25 211 9510.70 0.95
Irrigation cycle (I) 2 44572.92** 1481.44** 7835494.37** 783.54**
Experimental error? 4 21.92 5.05 1963.54 0.19
Pakdasht
NPK 2 10602.70** 398.77** 1890009.93** 189**
IXNPK 4 1404.53** 48.38** 24678.26** 2.46**
Experimental error® 12 4531 4.35 8107.81 0.81
C.V. (%) - 4.02 6.47 4.03 4.03
Replication 2 62.48 62.48 19960.44 1.99
| 2 45756.92** 45756.92** 8078145.44** 807.81**
Lahii Experimental error? 4 236.70 236.70 9709.72 0.97
ahijan
! NPK 2 7330.70** 7330.70** 1290661** 12.90**
IXxNPK 4 154.92ns 154.92ns 26879.28** 2.68**
Experimental error® 12 121.96 121.96 2849.24 0.28
C.V. (%) - 4.33 433 1.64 1.64

n.s., *, and **: non-significant, significant at 5%, and 1% probability levels, respectively.
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Table 7. Means comparison of some Zingiber officinale yield traits affected by irrigation cycle and NPK elements
treatments in Pakdasht region

Rhizome fresh weight Rhizome dry weight Yield Yield
Treatment
per plant (g) per plant (g) (g.m?) (ton.ha't)

V1F1 232b 44b 3093.67b 30.93b
V1F2 304.66a 57.66a 4056.67a 40.56a
V1F3 187.33c 35.33c 2494.67¢c 24.94c
V2F1 152d 29.33d 2028.33d 20.28d
Pakdasht V2F2 183.66¢c 36¢ 2457c 24.57c
V2F3 140.66e 27.33de 1881.67e 18.81e
V3F1 96.33g 19.33f 1290.33g 12.90g
V3F2 125f 24.66e 1676.67f 16.76f
V3F3 82.66h 16.33f 1108.67h 11.08h

V1, 2, and 3: irrigation cycles at 4, 6, and 8 days levels, respectively; F1, 2, and 3: NPK elements at N3ooP100K200, NasoP150Kzso, @and NasoPsoKiso
(kg.hal) levels, respectively.
Means with the same letters are not significantly different (LSD test).

el s el LU cou (Zingiber officinale) Juzs 3 Sdes Slio (S oSl awslie —A Jsis
ol aike ;3 NPK Lols

Table 8. Means comparison of some Zingiber officinale yield traits affected by irrigation cycle and NPK elements
treatments in Lahijan region

Yield Yield
Treatment
(g.m?) (ton.hal)
V1F1 3697.67d 36.97d
V1F2 4061.33b 40.61b
V1F3 3458e 34.58e
V2F1 3874.67c 38.74c
Lahijan V2F2 4316.33a 43.16a
V2F3 3366.67e 33.66e
V3F1 2108g 21.08g
V3F2 2540.67f 25.40f
V3F3 1824.67h 18.24h
Rhizome fresh weight per plant . .
Treatment @ Rhizome dry weight per plant (g)
V1 291.44a 43.44b
V2 300a 51.55a
. V3 172.44b 32.77c
Lahijan
F1 252.88b 42.77b
F2 284a 47.33a
F3 227c 37.66¢

V1, 2, and 3: irrigation cycles at 4, 6, and 8 days levels, respectively; F1, 2, and 3: NPK elements at N3poP100Kz200, NasoP150K250, and NasoPs0Kiso
(kg.hal) levels, respectively.
Means with the same letters are not significantly different (LSD test).
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Table 9. Correlation of Zingiber officinale traits affected by irrigation cycle and NPK elements treatments

Number of Number of Rhizome

Plant Stem leaves per Leaf area branches Leaf area Rhizome fresh Yield Yield
height diameter b index dry weight : per m? per hectare
plant per plant weight
Plant height 1 - - - - - - - - -
Stem diameter 0.98** 1 - - - - - - - -
Number of leaves per plant 0.97** 0.96** 1 - - - - - - -
Leaf area 0.88** 0.93** 0.86** 1 - - - - - -
) Number of branches 0.97+% 0.96%* 0.96%* 0.89%* 1 ) ) ) ) )
Lahijan per plant
Leaf area index 0.88** 0.93** 0.85** 0.99** 0.89** 1 - - - -
Rhizome dry weight 0.73** 0.81** 0.66* 0.84** 0.64m 0.84** 1 - - -
Rhizome fresh weight 0.84** 0.91** 0.79* 0.97** 0.81** 0.97** 0.93** 1 - -
Yield per m? 0.84** 0.91** 0.72** 0.97** 0.81** 0.97** 0.93** 0.99** 1 -
Yield per hectare 0.84** 0.91** 0.79* 0.97** 0.81** 0.97** 0.93** 0.99** 0.99** 1
Plant Stem Number Number of Leaf area Rhizome Rhizome Yield Yield
. . of leaves Leaf area branches . . fresh 9 per
height diameter index dry weight - per m
per plant per plant weight hectare
Plant height 1 - - - - - - - - -
Stem diameter 0.98** 1 - - - - - - - -
Number of leaves per plant 0.97** 0.94** 1 - - - - - - -
Leaf area 0.98** 0.98** 0.94** 1 - - - - - -
Number of branches 0.98%* 0.97%* 0.97%% 0.97%% 1 ) ) ) ) )
Pakdasht per plant
Leaf area index 0.98** 0.98** 0.94** 1 0.97** 1 - - - -
Rhizome dry weight 0.99** 0.96** 0.98** 0.96** 0.98** 0.96** 1 - - -
Rhizome fresh weight 0.99** 0.96** 0.98** 0.95** 0.97** 0.95** 0.99** 1 - -
Yield per m? 0.99** 0.96** 0.98** 0.96** 0.97** 0.96** 0.99** 0.99** 1 -
Yield per hectare 0.99** 0.96** 0.98** 0.96** 0.97** 0.96** 0.99** 0.96** 0.99** 1

** *and ns Significance at the level of 1%, 5% and none significance
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Abstract

To evaluate the plant adaptation and effects of irrigation cycles and NPK elements on growth
and yield parameters of Zingiber officinale R., a split-plot experiment was conducted as a
randomized complete block design with nine treatments and three replications in two regions
including Pakdasht (Tehran province) and Lahijan (Gilan province) in 2021. The experimental
factors included irrigation cycle at three levels (4 (V1), 6 (V2), and 8 (V3) days) as the main
factor and NPK elements at three levels (N3OOP100K200 (Fl), N350P150K 250 (FZ), and Ns50Ps0K 150
(F3) (kg.hal)) as the sub-factor. The results showed that the irrigationxNPK effects was
significant on plant height, number of leaves per plant, leaf area, number of branches per plant,
leaf area index, fresh and rhizome dry weight, and rhizome yield at the 1% probability level and
on stem diameter at the 5% probability level in Pakdasht region. The V1F2 treatment was the
best one in this region. In Lahijan region, the irrigationxNPK effects was significant on number
of leaves per plant and rhizome yield at the 1% probability level and on plant height and stem
diameter at the 5% probability level. The best result in Lahijan was obtained in the V1F2
treatment. Also, in terms of leaf area, number of branches per plant, and leaf area index, V1 and
F2 was the best treatments in Lahijan. Fresh and rhizome dry weight had the best results in the
V2 and F2 treatments. Overall, the studied traits in Lahijan climate were superior to Pakdasht
climate and every 4 days irrigation for Pakdasht and every 6 days for Lahijan had the best
results.

Keywords: Water use efficiency, chemical fertilizer, rhizome yield, aromatic plants, medicinal
plants.



