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Abstract

Introduction: Tea plant ﬁCameIIia sinensis L.) has great potential for growth in acidic soils and is adapted to soil and
a climatic condition of Gui anProvince. Tea requires acidic conditions, high heat and high humidity, and its leaves are
economically important (Taiefeh et al., 2013). Various studies have shown that the yield of green tea leaves and its
physiological and biochemical properties depend on factors such as soil type, altitude, season, climatic conditions, and
the amount of water available to the plant and the consumption of macro and micro elements (Owuor and Bowa, 2012).
One of the prominent issues in the production of crops and orchards, including tea orchards, is strengthening their
resistance to dry conditions, and among them, water deficit stress is the most common type of environmental stress that
affects plant growth and production (Kirigwi et al., 2004). The element copper is very important in the growth and
production of quality tea, so that by interfering with the oxidation of green tea leaves, 1t directly affects the taste and
color of tea (Singh and Singh, 2004). Zinc as a major factor in the activity of many enzymes and play a major role in
the structure of proteins that regulate transcription in leaves of tea plays, therefore, reducing the concentration of this
element reduces the stomatal conductance, reduces transpiration and degrades the function of antioxidant enzymes
#Upadhyaya et al., 2013). This study was conducted to mvestlﬂate the effect of application of copper and zinc nano-
fertilizers and irrigation water deficiency on different morpho-physiological and biochemical characteristics of tea plant
in garden conditions.

Material and methods: This research was carried out as a factorial experiment in a randomized complete block
design with three replications in selected tea research gardens of Rudsar city in 2018. Factorial combinations of three
treatments of water deficit stress (15% (un-stressed control, IR1), 30% (moderate stress, IR2) and 45% (severe stress,
IRs) of FC depletion) and four foliar application gFAl: use distil water, control, FA2: Copper nano-chelate (0.5 mg per
one liter of distilled water), FAs: Zinc nano-chelate (2.5 mg per one liter of distilled water) and FA4: Copper nano-
chelate + Zinc nano-chelate) were considered. The applied drought stress levels were determined between the field
capacity and the {()ermanent wilting point of the soil in the tested area to determine the plant response to different soil
water levels ﬁMo htassi-Bidgoli et al., 2013). The amount of chemical fertilizers required was determined based on the
results of soil test (Table 1) and the amount of nutrients harvested by tea plants (Table 2) (Sedaghathoor et al., 2003).

Results and discussion: The results of this study showed that the interaction of irrigation regimes and foliar
application on green leaf yield, photosynthesis rate, proline concentration, catalase, peroxidase and superoxide
dismutase activity were significant. Under moderate stress conditions, optimal green leaf yield and plant photosynthesis
rate were obtained from the combined foliar application of copper and zinc nano-fertilizers. Also, under severe stress
conditions, the highest amount of antioxidant activity and proline concentration was observed in the combined spraying
of copper and zinc nano-fertilizers. Total chlorophyll decreased fewer than 62.5 and 75 % under moderate and severe
stress conditions compared to the control treatment. Also, carotenoids under the influence of copper foliar application,
zinc foliar application and combined copper and zinc foliar application increased by 38.47, 43.84 and 69.29% compared
to the control treatment.

Conclusions: In general, it can be concluded that the application of combined foliar application of copper and zinc
increased 58.40, 32.54 and 31.28% of green tea leaf yield compared to the control under moderate stress conditions,
respectively. The results proved copger and zinc micronutrients increase green leaf yield, photosynthetic rate,
photosynthetic pigments, soluble carbohydrate and ﬁrotein concentrations, as well as increase the activity of
antioxidants in stress conditions. Also, results showed that zinc and copper are very effective in tea resistance to water
stress and reduction of dehydration damage.
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Table 1- Monthly climatic data of Rudsar, Rudsar meteorological station during 2019

Minimum Maximum Optimum Average Average wind Average
months temperature (°C)  temperature (°C) temperature (°C) relative speed (m/s) rainfall
P P P humidity (%) P (mm)
March 8.27 17.23 12.75 86.21 1.84 3.24
April 9.55 22.57 16.06 80.37 7.98 291
May 15.27 27.41 21.34 79.93 2.08 0.67
June 18.16 30.25 24.20 69.20 1.63 0.10
July 20.12 28.56 24.84 76.75 1.39 415
August 18.22 29.11 23.66 74.98 154 2.61
September 14.77 26.43 20.60 80.06 172 5.77
wrp S e plesd 5 (N5 Olo s -Y Jod
Table 2- Physicochemical properties of field soil decomposition
SD?egs EC pH OM TN P K S PWP FC Texture Sand Clay Silt
cm ds/m % mg/kg % by volume - %
0-30 104 46 25 023 65.7 196 515 1428 28.72 ;Soa;ntily— 488 172 34
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Table 3- Nutrient uptake rate by tea plants (kg/ha)

S MgO CaO

K20 P20s N
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Table 4- Analysis of variance of Cu and Zn foliar application effect on yield and physiological characteristics in
Green Tea under different irrigation regimes

Sources of Variations  df Green leaf Total Carotenoid Leaf Photosynthesis rate
yield chlorophyll protein
Block (Replication) 2 255.01ns 0.16ns 0.12ns 0.15ns 1.37ns
'”'gat"zI”RF;eg'mes 2 16338.18** 1.98%* 1.98** 49.27% 271.26%*
Foliar ’(Al‘:pAp)“C&t'O” 3 17455.37%* 1.87%* 1.87%* 1.29%* 290.35%*
IR x FA 6 8426.37** 0.14ns 0.14ns 0.14ns 16.95**
Experimental Error 24 814.22 0.25 0.21 0.42 3.11
C. V. (%) - 14.23 5.12 8.45 6.70 7.56

** Represents a significance at a probability level of 1% and ns; non-significant.
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Table 5- Mean comparison of simple effect of foliar application on the measured traits in Green Tea after slicing

at the levels of irrigation regimes

Photosynthesis - Superoxid
Irrigation Foliar Greeizgltljeaf rate Proline (Eﬂalgig_ z:rcrz('g?f_'\ dismutase
Regimes  Application (Té’n hap)  (umolCO2m-  (mgg-1FW) ) 'mi%_l) A 'mi% ) (Amgpro-
: 2.5-1) : : 1.min-1)
(15% IR1 FAL 7.16+0.05¢ 14.00+1.96b 0.007£0.001c _ 0.46£0.08c  0.35+0.06c 3.31%0.18¢
FA2 8.48+0.17b 25.7620.86a 0.012+0.001b  0.76£0.04b  0.55+0.04b 4.77£0.22b
FC
Depleti FA3 8.27£0.02b 26.2620.48a 0.014+0.001b  0.80£0.03b  0.58+0.03b 4.800.24b
epletion) FA4 9.4020.23a 27.50+1.55a 0.022+0.000a  1.32+0.04a  1.04+0.06a 5.75+0.26a
LSD 1.10 4.05 0.003 0.16 0.25 0.93
IR2 (30% FAL 553+0.03¢ 10.16+1.60c 0.015+0.002c  1.80£0.07c  1.22+0.05¢ 5.93+0.43¢
Fo FA2 7.26£0.17b  21.130.70b 0.03620.001b  2.45:0.02b  1.90+0.02b 8.12+0.31b
Depleti FA3 7.33:0.12b  23.50+0.36b 0.038£0.002b  2.47+0.02b  1.95+0.02b 8.15+0.40b
epletion) FA4 8.76+0.28a 27.50+1.38a 0.052+0.001a  3.77+0.07a _ 2.86+0.05a 10.68+0.81a
LSD 124 231 0.005 0.14 0.10 118
IR3 (45% FAL 3.2620.15¢ 4.93+1.40¢ 0.055+0.002c  2.67£0.09c _ 2.67+0.07c 7.5620.50¢
Fo FA2 563+0.38a  20.00£0.71b 0.068+0.002b  3.41+0.08b  3.21#0.08b  10.09+0.37b
Denleti FA3 543+0.24a  21.4620.35b 0.070£0.003b  3.37:0.05b  3.25:0.06b  10.63+0.39b
epletion) FA4 6.310.27a 23.68+0.26a 0.086+0.001a  4.85:0.09a  4.38+0.05a 12.14+0.32a
LSD 1.80 1.26 0.007 0.20 031 1.25

Means in each column followed by similar letter(s) are not significantly different at 5% probability level by the LSD test.
IR1: control; IR2: moderate stress; IR3: sever stress; FA1: control; FA2: Cu; FA3: Zn;FA4: Cu+Zn.
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.(Reddy et al., 2004; Anjum et al., 2011)
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Table 6- Main effects of irrigation regimes and foliar application on measured traits in Green Tea

. Leaf Soluble
Treatment Total chlorophyll (mg.g- Carotenoids (mg.g- protein carbohydrates
1FW) 1FW) (mg.g- (9.Kg-1DW)
1FW) 919
IR1 8.97+3.18a 66.75+5.04c 2.12+0.06¢ 33.64+0.25¢
Irrigation IR2 5. 77+£2.14b 85.48+4.08b 4.84+0.10b 41.48+0.46b
Regimes IR3 2.52+4.02¢ 98.12+4.20a 6.98+0.22a 54.24+0.96a
LSD 1.24 3.82 0.44 1.89
FAl 6.44+1.07c 54.71+£3.19c 1.91+0.10c 35.50£3.15¢
Foliar FA2 8. 62+2.78b 75.76+4.22b 2.63+0.34b 44.71+2.63b
o FA3 8. 65+4.72b 78.70+2.34b 2.99+0.390 43.68+2.62b
Application FA4 11.94+3.83a 92.62+2.17a 5.22+0.41a 50.13+2.75a
LSD 0.79 7.45 0.38 2.55

Means in each column followed by similar letter(s) are not significantly different at 1% probability level by the LSD test.
IR1: control; IR2: moderate stress; IR3: sever stress; FAL: control; FA2: Cu; FA3: Zn;FA4: Cu+Zn.
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Table 7- Analysis of variance of Cu and Zn foliar application effect on physiological and biochemical
characteristics in Green Tea under different irrigation regimes

Sources of Variations  df Soluble Proline Catalase Peroxidase Su_peromde
carbohydrates dismutase
Block (Replication) 2 3.23™ 0.000004" 0.00005" 0.006™ 0.002m
'"'ga“(er?eg'mes 2 1622.93" 0.008" 0.002™ 8.27" 10.07™
Foliar Application 32.73" 0.006™ 0.0005"* 478" 5.99"
(FA)
IR x FA 6 1.84™ 0.0007™ 0.00002™ 0.41™ 0.74™
Experimental Error 34 5.11 0.000009 0.00000012 0.01 0.01
C.V. (%) 6.68 8.63 7.13 8.55 7.95

* and ** Represents a significance at a probability level of 5% and 1%, respectively, and ns; non-significant.
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