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ABSTRACT
Zinc is an essential micronutrient involved in a wide variety of physiological processes. Zinc deficiency in soils and plants
is a global micronutrient deficiency problem reported in many countries. The present investigation was conducted to study
the effect of zinc deficiency on zinc content and physiological traits. Two Triticum aestivum genotypes viz. WH-147 and
WH-1061 and two Triticum durum genotypes viz. WH-896 and WH-912 were grown in varying levels of zinc i.e. 100%
Zn, 50% Zn and 25% Zn. Zinc deficiency induced the reduction in relative water content, chlorophyll stability index,
chlorophyll fluorescence. Less reduction was observed in WH-1061. Photosynthetic rate, transpiration rate, stomatal
conductance and water use efficiency were low in zinc- deficient conditions. WH-1061 showed better performance in
terms of transpiration rate and stomatal conductance at different levels of zinc as compared to other genotypes. The level of
electrolyte leakage increased with the decrease of zinc level. Among all the genotypes the maximum level of electrolyte
leakage was noted in WH-912 at 25% Zn level. Results indicated that with the decreasing level of zinc, zinc content
decreased in grains and leaves at both stages i.e. vegetative and maturity. However, with decreasing level of zinc, zinc
content increased in roots. Bread wheat genotype (WH-1061) was found to be more tolerant under Zn deficit conditions
than durum wheat genotypes.
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INTRODUCTION
Wheat is one of the three major cereal crops worldwide
and represents a main dietary source of calories, proteins
and micronutrients for the majority of world’s population,
especially in the developing world (Shewry, 2009). Wheat
is the chief source of plant based human nutrition and is a
part of our daily dietary needs. Being a staple food, it is
cultivated on about eight million hectares in the country
with 13.7% contribution to the value addition in
agriculture sector and 3% in the gross domestic products
(Nawab et al., 2011; Nadim et al., 2013). Micronutrients
help in chlorophyll formation, nucleic acid, protein
synthesis and play an active role in several enzymatic
activities of photosynthesis (Reddy, 2004; Rehm and
Sims, 2006). They are needed in trace amounts but their
adequate supply improves nutrients availability and
positively affects the cell physiology that is reflected in
yield as well (Taiwo et al., 2001; Adediran et al., 2004).
Zinc (Zn) is an essential micronutrient involved in a wide
variety of physiological processes (Baccio et al., 2005;
Broadley et al., 2007). Zn is known to have an important
role either as a metal component of enzymes or as a
functional, structural or regulatory cofactor of a large
number of enzymes (Grotz and Guerinot, 2006).
Zn deficiency in soils and plants is a global micronutrient
deficiency problem reported in many countries (Alloway,
2004). Low Zn status of soils is well recognized as a
nutritional constraint to crop production worldwide,
particularly on calcareous soils of arid and semi-arid

regions (Rashid, 2006). An estimated 50% of all soils used
for cereal production throughout the world are low in
available Zn, which detrimentally affects grain yield and
quality (Gao et al., 2006). In these high pH calcareous
soils, Zn concentrations in soil solution are extremely low,
with most soil Zn present in chemical forms largely
inaccessible for uptake by plant roots (Cakmak, 2008;
Ahmadikhah et al., 2010; Narimani et al., 2010; Heidarian
et al., 2011 and Daneshbakhsh et al., 2013).
Many researchers reported that the use of micronutrients
have a promising role in growth and development of crop
plants which resulted in improved quality and quantity of
the agricultural produce. Zn deficiency induces reduction
in net photosynthesis by 50 to 70% depending on plant
species and extent of deficiency (Hu and Sparks, 1991;
Brown et al., 1993). Chlorophyll (Chl) fluorescence yield
is a sensitive indicator of changes in thylakoid membrane
integrity caused by environmental stresses (Bukhov 2004;
Weng et al., 2008). Chl fluorescence measurements have
been used to estimate, rapidly and non-invasively, the
operating quantum efficiency of electron transport through
photosystem II (PSII) in leaves of plants. This PSII
operating efficiency is related to CO2 assimilation
(Maxwell and Johnson, 2000; Sayed, 2003; Baker and
Rosenqvist, 2004; Lu and Lu, 2004). Zn nutrition caused
increase in stomatal aperture as Zn is thought to be
involved in stomatal regulation due to its role in
maintaining membrane integrity (Khan et al., 2004).
Sharma et al. (1995) reported the involvement of Zn in
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stomatal opening being the constituent of carbonic
anhydrase which is required for maintaining adequate
HCO3 in the guard cells and also a factor affecting the K+
uptake by the guard cells. In addition, the accumulation of
saccharides in leaves may be an important factor for the
inhibition of photosynthesis under Zn- deficiency
(Marschner, 1995; Cakmak 2000). This study has been
conducted to study the impact of zinc deficiency on zinc
uptake and physiological parameters in leaves of control
and zinc deficient plants.

MATERIALS & METHODS
Investigation was carried out on two genotypes of bread
wheat (Tritium aestivum L.) viz. WH-147 and WH-1061
and two genotypes of durum wheat (Triticum durum) viz.
WH-896 and WH-912 in the green house. The plants were
supplied with nutrient solution (Hoagland and Arnon,
1950) at regular intervals.
Treatments
Plants were supplied with following modified nutrient
solution for giving varying doses of zinc.

T100% (control) (Hoagland solution containing required concentration of zinc)
T50% (Hoagland solution containing half the concentration of zinc)
T25% (Hoagland solution containing one-fourth concentration of zinc)

Physiological Parameters
Relative water content (RWC) was measured by the
method of Barrs and Weatherley (1962). Chlorophyll
stability index (CSI) was estimated by the method of
Murthy and Majumder (1962). The chlorophyll
fluorescence was measured by using chlorophyll
fluorometer (Model 0S30 p USA). Data was recorded
between 10:00 to 12:00 a.m. Photosynthetic rate (mole m-2

sec-1), transpiration rate (m mole m-2 sec-1) and stomatal
conductance (mol m-2s-1) were measured by using portable
Infra Red Gas Analyser between 10.00 to 11.00 a.m.
Water use efficiency (WUE) was determined by method of
Rosenburg and Kriiger (1993) and it is ratio of P
(photosynthetic rate) and E (transpiration rate). The
relative intactness of plasma membrane was measured as
the leakage percentage of electrolytes, as described by
Gong et al. (1998). The leakage percentage of electrolytes
was calculated as 1- EC1/ EC2×100%.
Estimation of Zinc content
500mg of plant material (leaves, roots and grains) was
weighed in a flask. Then 20 ml of diacid mixture (4HNO3:
1 HClO4) was added to it and kept overnight. The sample
was digested by heating gently until clear colourless
solution was obtained. The obtained solution was
transferred to 50ml volumetric flask and volume was made
upto the mark by adding double distilled water. The
solution was filtered using Whatman filter paper No. 1 and

used for analysis of zinc content by Atomic Absorption
Spectrophotometer (Model PERKIN-ELMER 2380).

RESULTS & DISCUSSION
In the present investigation zinc deficiency caused a strong
reduction in all investigated photosynthetic parameters
which have a great impact on plant growth and
development. Result presented in Fig-1 exemplifies that
zinc scarcity led to decline in RWC. The highest reduction
was in WH-912 and lowest in WH-1061. Decline in the
chlorophyll stability in terms of loss of chlorophyll content
(%) was noted in all the genotypes under zinc deficiency
(Fig-2). This reduction could be either due to chloroplast
destruction (Fulton et al., 1965; Peru and Main, 1970),
inhibition of chlorophyll synthesis or increased activity of
chlorophyllase. Result presented in the present study
indicated that the Chl fluorescence of leaf decreased with
the decreasing level of zinc in all the four wheat genotypes
(Fig-3). Highest per cent reduction was noted in WH-147
and lowest per cent reduction was observed in WH-1061.
The results obtained in the present study are in conformity
of the results reported by previous workers Wang and Jin
(2005), Shi and Cai (2009), Kummerova et al. (2010) and
Hajiboland and Amirazad (2010). Reduction in Chl
fluorescence indicates that the potential maximal quantum
yield of PS2 was inhibited by Zn-deficiency (Wang and
Jin 2005).

FIGURE I: The effect of different zinc doses on relative water content. Results are shown as mean ± standard error
(p<0.01), obtained from three replicates

Gas exchange characteristics play vital role in yield
stimulation. Photosynthetic rate (mol m-2s-1) showed
decreasing trend as a result of decrease in Zn level (Fig-4).
Highest reduction was noted in WH-1061 followed by

WH-147. Similar results have been reported by Sharma et
al. (1994), (1995) and Wang and Jin (2005) who found
that Zn deficiency depressed photosynthetic capacity
because of decrease in gs. Furthermore, the decrease in net
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photosynthesis may also partly be attributed to the
decrease in chlorophyll content and abnormal structure of
chloroplast as a result of Zn deficiency. The decrease  in
transpiration rate (E) (Fig-5) because of decreasing Zn

level  substantiates the findings of Hu and Sparks (1991)
and Sharma et al. (1994) who reported that Zn deficiency
caused reduction in the instantaneous transpiration
efficiency of leaves.

FIGURE II: The effect of different zinc doses on chlorophyll stability index. Results are shown as mean ± standard error
(p<0.01), obtained from three replicates.

FIGURE III: The effect of different zinc doses on chlorophyll fluorescence. Results are shown as mean ± standard error
(p<0.01), obtained from three replicates.

FIGURE IV: The effect of different zinc doses on photosynthetic rate. Results are shown as mean ± standard error
(p<0.01), obtained from three replicates
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FIGURE V: The effect of different zinc doses on transpiration rate. Results are shown as mean ± standard error ( p<0.01),
obtained from three replicates.

FIGURE VI: The effect of different zinc doses on stomatal conductance. Results are shown as mean ± standard error
(p<0.01), obtained from three replicates.

FIGURE VII: The effect of different zinc doses on water use efficiency. Results are shown as mean ± standard error
(p<0.01), obtained from three replicates.

FIGURE VIII: The effect of different zinc doses on electrolyte leakage. Results are shown as mean ± standard error
(p<0.01), obtained from three replicates.

WH-1061 showed better performance in terms of
transpiration rate at different levels of Zn as compared to
other genotypes. The stomatal conductance (mol m-2s-1)
decreased with decreasing level of zinc (Fig-6). Maximum
reduction was observed in WH-912 and lowest in WH-
1061. The results of present investigation are in agreement
with those of Khan et al. (2004), Wang and Jin (2005) and
Hajiboland and Beiramzadeh (2008). Sharma et al. (1995)
reported the involvement of Zn in stomatal opening being
the constituent of carbonic anhydrase which is required for
maintaining adequate HCO3 in the guard cells and also a
factor affecting the K+ uptake by the guard cells. Sharma
et al. (1994) observed in cauliflower that reduction in
photosynthesis induced by Zn deficiency is associated
with a decrease in intercellular CO2 concentration and
stomatal conductance. Sharma et al. (1994, 1995) and
Wang and Jin (2005) found that Zn deficiency depressed

photosynthetic capacity because of decrease in gs. In
addition, the accumulation of saccharides in leaves may be
an important factor for the inhibition of photosynthesis
under Zn-deficiency (Marschner 1995; Cakmak 2000).
The reduction of chlorophyll content and the destruction
of chloroplasts ultrastructure led to decrease in
photosynthesis in Zn- deficient plants. The results of
present study showed that WUE decreased with the
decrease in Zn level (Fig-7). Highest per cent reduction
was noted in WH-147 and lowest in WH-912. Similar
results were earlier reported by Khan et al. (2003, 2004)
and Wang and Jin (2005). Hatfield et al. (2001) observed
that WUE could be increased from 15 to 25% by changing
nutrient management practices. The level of electrolyte
leakage increased with the decrease of Zn level (Fig-8).
Among all the genotypes the maximum level of electrolyte
leakage was noted in WH-912 at 25% Zn level. Also at the
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level of 25% Zn other genotypes like WH-147, WH-1061
and WH-896 showed highest electrolyte leakage
respectively.
In present studies analysis of zinc content in leaves
(vegetative and maturity stage), roots (maturity) and grains
(harvest stage) was done. Results indicated that with the
decreasing level of zinc, zinc content decreased in leaves
at both stages i.e. vegetative and maturity (Table 1, 2).
Also, with decreasing level of zinc, zinc content was

lowered in grains (Table 4). However, with decreasing
level of zinc, zinc content increased in roots (Table 3).
This might be due to the accumulation of zinc in roots
which barred the uptake of zinc and as a result low Zn
content was observed in leaves and grains. Similar
response has been reported by Shi and Cai (2009) that Zn
content in roots of Zn treatments were about 2.6- to 2.9-
fold higher than that in the shoots.

TABLE I: Effect of different levels of zinc on zinc content (ppm) in the leaves of wheat at vegetative stage

Genotypes
Zinc content (ppm) in the leaves (vegetative stage)

Level of zinc
Mean100% 50% 25%

WH-147 29.50 16.10 13.80 19.80
WH-1061 35.50 24.50 17.70 25.90
WH-896 27.30 12.80 7.50 15.20
WH-912 28.00 14.00 6.70 15.57
Mean 30.08 16.85 10.43 19.12
CD at 5% Genotypes (A)=1.914; Treatments (B)=1.658; Interaction (A x B)=3.316

TABLE II: Effect of different levels of zinc on zinc content (ppm) in the leaves of wheat at maturity

Genotypes
Zinc content (ppm) in the leaves (maturity)

Level of zinc
Mean100% 50% 25%

WH-147 21.80 16.00 11.50 16.43
WH-1061 35.70 21.80 12.00 23.17
WH-896 20.40 11.80 8.30 13.50
WH-912 14.10 7.10 5.10 8.77
Mean 23.00 14.18 9.23 15.47
CD at 5% Genotypes (A)= 1.471; Treatments (B)=1.274; Interaction (A x B)=2.548

TABLE - III: Effect of different levels of zinc on zinc content (ppm) in the roots of wheat at maturity

Genotypes
Zinc content (ppm) in the roots (maturity)

Level of zinc Mean
100% 50% 25%

WH-147 29.90 38.10 41.50 36.50
WH-1061 26.40 32.50 35.30 31.40
WH-896 34.20 44.90 46.10 41.73
WH-912 32.20 42.70 44.40 39.77
Mean 30.68 39.55 41.83 37.35
CD at 5% Genotypes (A)=2.464; Treatments (B)=2.134; Interaction (A x B)=4.267

TABLE IV: Effect of different levels of zinc on zinc content (ppm) in the grains of wheat

Genotypes
Zinc content (ppm) in the grains

Level of zinc Mean
100% 50% 25%

WH-147 35 31 29 31.67
WH-1061 50 46 42 46.00
WH-896 42 38 33 37.67
WH-912 38 34 30 34.00
Mean 41.25 37.25 33.50 37.33
CD at 5% Genotypes (A) =1.576; Treatments (B)=1.365; Interaction (A x B) = 2.729

CONCLUSION
It is clear that differences were observed under varying
zinc doses. Zinc deficiency significantly reduced the
relative water content, chlorophyll stability index. Highest
reduction was noted in WH-912. Photosynthetic rate (PN),
transpiration rate (E), stomatal conductance (gs) and water
use efficiency (WUE) decreased with decrease in level of
zinc.WH-1061 showed better performance in terms of PN,
E, gs at different levels of zinc as compared to other
genotypes. The level of electrolyte leakage increased with
the decrease of Zn level. Maximum level of electrolyte

leakage was observed in WH-912 and minimum in WH-
1061. Maximum mean of Zinc content in leaves
(vegetative stage) was observed in WH-1061. Zinc content
in roots increased with the decrease in zinc level. The
highest level of Zn content was in the variety WH-896.
Zinc content decreased in grains with the decrease in zinc
level. Highest mean of zinc content was observed in WH-
1061 and lowest in WH-912. Among bread wheat, WH-
1061 was more tolerant than WH-147. Among durum
wheat, WH-896 was more tolerant than WH-912.



Bread and durum wheat genotypes under different zinc doses

770

REFERENCES
Adediran, J.A., Taiwo, L.B., Akande, M.O., Idowu, O.J.,
& Sobulo, R.A. (2004) Application of organic and
inorganic fertilizer for sustainable yield of maize and
cowpea in Nigeria. Journal of Plant Nutrition, 27(7),
1163-1181.

Ahmadikhah, A., Narimani, H., Rahimi, M.M. & Vaezi, B.
(2010) Study on the effects of foliar spray of micronutrient
on yield and yield components of durum wheat. Archives
of Applied Science Research, 2(6), 168-176.

Alloway, B.J. (2004) Zinc in Soils and Crop Nutrition.
IZA Publications, International Zinc Association,
Brussels, pp: 1-116.

Baccio, D., Tognetti, R., Sebastiani, L. & Vitagliano, C.
(2003) Responses of Populus deltoides x Populus nigra
(Populus x euramericana) clone I-214 to high zinc
concentrations. New Phytologist, 159, 443-452.

Baker, N.R. & Rosenqvist, E. (2004) Applications of
chlorophyll fluorescence can improve crop production
strategies: an examination of future possibilities. Journal
of Experimental Botany, 55, 1607-1621.

Barrs, H.D. & Weatherley, P.E. (1962) A re-examination
of the relative turgidity technique for estimating water
cleficits in leaves. Australian Journal of Biological
Sciences, 15, 413-428.

Broadley, M.R., White, P.J., Hammond, J.P., Zelko, I. &
Lux, A. (2007) Zinc in plants. New Phytologist, 173, 677–
702.

Brown, H. P., Cakmak, I. & Zhang, Q. (1993) Form and
Function of Zinc in plants. pp. 93-102. In: Zinc in Soils
and Plants. (Ed.): A.D. Robson. Kluwer Academic
Publishers. Dordrecht, The Netherlands, pp. 93-102.

Bukhov, N.G. (2004) Dynamic light regulation of
photosynthesis – (a review). Russian Journal of Plant
Physiology, 51, 742-753.

Cakmak, I. (2000) Possible roles of zinc in protecting
plant cells from damage by reactive oxygen species. New
Phytologist, 146, 185–205.

Cakmak, I. (2008) Enrichment of cereal grains with zinc:
Agronomic or genetic biofortification? Plant Soil, 302, 1–
17.

Daneshbakhsh, B., Khoshgoftarmanesh, A.H.,
Shariatmadari, H. & Cakmak, I. (2013) Effect of zinc
nutrition on salinity-induced oxidative damages in wheat
genotypes differing in zinc deficiency tolerance. Acta
Physiologiae Plantarum, 35, 881–889.

Fulton, N.D., Bollenbacher, K. & Templeton, G.E. (1965)
A toxic metabolite from Alternaria tenuis that inhibit
chlorophyll production. Phytopathology, 55, 49-51.

Gao, X.P., Zou, C.Q., Fan, X.Y. Zhang, F.S. & Hoffland,
E. (2006) From flooded to aerobic conditions in rice

cultivation:consequence for zinc uptake. Plant Soil, 280,
41–47.

Gong, M., Li, Y.J. & Chen, S.Z. (1998) Abscisic acid-
induced thermotolerance in maize seedling is mediated by
calcium and associated with antioxidant systems. Journal
of Plant Physiology, 108, 753-759.

Grotz, N. & Guerinot, M.L. (2006) Molecular aspects of
Cu, Fe and Zn homeostasis in plants. Biochimica et
Biophysica Acta, 1763, 595–608.

Hajiboland, R. & Amirazad, F. (2010) Growth,
photosynthesis and antioxidant defense system in Zn-
deficient red cabbage plants. Plant Soil and Environment,
56(5), 209–217.

Hajiboland, R. & Beiramzadeh, N. (2008) Growth, gas
exchange and function of antioxidant defense system in
two contrasting rice genotypes under Zn and Fe deficiency
and hypoxia. Acta Biologica Szegediensis, 52(2), 283-294.

Hatfield, J.L., Sauer, T.J. & Prueger, J.H. (2001)
Managing soils to achieve greater water use efficiency: A
review. Agronomy Journal, 93, 271-280.

Heidarian, A. R., Kord, H., Mostafavi, K. H., Parviz Lak,
A., & Mashhadi, F. A. (2011) Investigating Fe and Zn
foliar application on yield and its components of soybean
(Glycine max (L) Merr.) at different growth stages.
Journal of Agricultural Biotechnology and Sustainable
Development., 3(9), 189 -197.

Hoagland, D.R. and Arnon, D.I. (1950) The water culture
for growing plants without soil. California

Agriculture Experiment Station Circ. 347. Berkeley, CA:
University of California.

Hu, H. & Sparks, D. (1991) Zinc deficiency inhibits
chlorophyll synthesis and gas exchange in 'Stuart' pecan.
HortScience, 26, 267-268.

Khan, H.R., McDonald, G. K. & Rengel, Z. (2003) Zn
fertilization improves water use efficiency, grain yield and
seed Zn content in chickpea. Plant Soil, 249, 389-400.

Khan, H. R, McDonald, G.K. & Rengel, Z. (2004) Zinc
fertilization and water stress affects plant water relations,
stomatal conductance and osmotic adjustment in chickpea
(Cicer arientinum L.). Plant Soil., 267, 271-284.

Kummerova, M., Zezulka, S., Kralova, K. &
Masarovicova, E. (2010) Effect of zinc and cadmium on
physiological and production characteristics in Matricaria
recutita. Biologia Plantarum, 54(2), 308-314.

Lu, Q. & Lu, C. (2004) Photosynthesis pigment
composition and PS-II Photochemistry of wheat ears.
Plant Physiology and Biochemistry, 42, 395-402.

Marschner, H. (1995) Mineral nutrition of higher plants,
2nd edn. London: Academic Press.



I.J.S.N., VOL.7 (4) 2016: 765-771 ISSN 2229 – 6441

771

Maxwell, K., & Johnson, G.N. (2000) Chlorophyll
fluorescence – a practical guide. Journal of Experimental
Botany, 51, 659-668.

Murthy, K.S. & Majumder, S.K. (1962) Modification of
the technique for determination of chlorophyll stability
index in relation to studies of drought resistance in rice.
Current Science, 31, 470 471.

Nadim, M.A., Awan, I.U., Baloch, M.S., Khan, N., &
Naveed, K. (2013). Micronutrient use efficiency in wheat
as affected by different application methods. Pakistan
Journal of Botany, 45(3), 887-892.

Narimani, H., Rahimi, M.M., Ahmadikhah, A. & Vaezi,
B.(2010) Study on the effects of foliar spray of
micronutrient on yield and yield components of durum
wheat. Archives of Applied Science Research, 2(6), 168-
176.

Nawab, K., Arif, A.M., Shah, P., Rab, A., Khan, M.A.,
Khan, M.A. & Khan, K. (2011) Effect of FYM, potassium
and zinc on phenology and grain yield of wheat in rainfed
cropping systems. Pakistan Journal of Botany, 43(5),
2391-2396.

Peru, R.W. & Main, C.B. (1970) Chlorosis of tobacco
induced by alternariol produced by A. tenuis.
Phytopathology, 60, 1570-1573.

Rashid, A. (2006). Incidence, diagnosis and management
of micronutrient deficiencies in crops: Success stories and
limitations in Pakistan. IFA International Workshop on
Micronutrients, 27 February, Kunming, China.

Reddy, S.R. (2004) Principles of crop production – growth
regulators and growth analysis, 2nd edition, Kalyani
Publishers, Ludhiana, India.

Rehm, G. & Sims, A. (2006) Micro-nutrients and
production of hard red spring wheat. Minnesota Crop
News, Univ. of Minnesota .

Rosenberg, L.V. & Kriiger, G.H.J. (1993) Comparative
analysis of different drought stress induced suppression
and recovery in CO2 fixation: Stomata and non-stomatal
limitation in Nicotiana tobaccum. Journal of Plant
Physiology, 142, 296-306.

Sayed, O.H. (2003) Chlorophyll fluorescence as a tool in
cereal crop research. Photosynthetica, 41, 321-330.

Sharma, P.N., Tripathi, A., & Bisht, S.S. (1994) Effect of
zinc deficiency on chlorophyll content, photosynthesis and
water relations of cauliflower plants. Photosynthetica, 30,
353-359.

Sharma, P.N., Tripathi, A., & Bisht, S.S. (1995) Zinc
requirement for stomatal opening in cauliflower. Plant
Physiology, 107, 51-756.

Shewry, P.R. (2009) Wheat. Journal of Experimental
Botany, 60, 1537–1553.

Shi, G.R., & Cai, Q.S. (2009) Photosynthetic and anatomic
responses of peanut leaves to zinc stress. Biologia
Plantarum, 53(2), 391-394.

Adediran, J.A., Akande, M.O., Banjoko, V.A.,
Oluwatosin, G.A., & Taiwo, L.B. (2001) Influence of
legume fallow on soil properties and yield of maize in
South Western Nigeria. Joamal of Agriculture in the
Tropics and Subtropics, 102(2), 109-117.

Wang, H., & Jin, J.Y. (2005) Photosyntheric rate,
chlorophyll fluorescence parameters, and lipid
peroxidation of maize leaves as affected by zinc
deficiency. Photosynthetica, 43(4), 591–596.

Weng, X. Y., Xu, H. X., Yang, Y., & Peng, H. H. (2008)
Water-water cycle involved in dissipation of excess
photon energy in phosphorus deficient rice leaves.
Biologia Plantarum, 52, 307-313.


