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Effects of Humic Substances on Cotton (Gossypium hirsutum L.)
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Soil organic matter is a fundamental, but dynamic component of
soils that influences many chemical, physical and biological properties
that regulate soil productivity. An important objective for using humic
substances in cotton is to balance vegetative and reproductive growth
as well as to improve lint yield and fiber quality. Field study was
conducted in a randomized complete block design with 3 replications
under irrigated conditions at Diyarbakir in 2004, to determine the
effects of different humic acid treatments (seed soaking, foliar spray,
seed soaking + foliar spray) on yield and fiber technological properties
of cotton. The comparison with the untreated control, application of
humic acid significantly affected fiber length, fiber uniformity (variety
× treatment interaction) and micronaire (treatment) parameters, whereas
there were no significant differences in lint turnout, seed-cotton yield
and fiber strength parametres.

Key Words: Cotton, Fiber quality, Humic acid, Plant growth regulator.

INTRODUCTION

Changes in fiber-quality requirements and increases in economic competition
on the domestic and international levels have resulted badly fiber quality becoming
a value determinant equal to fiber yield. Cotton provides a useful system to investi-
gate the effects of fertilizer on yield and fiber development. To improve the organic
contents of soils for growing industrial crops there are some applications such as
planting rotation, various plough techniques, green fertilizer application and animal
fertilizer application. In addition to these practices, utilization of organic-mineral
fertilizers in agriculture increased in recent years1. One of the used organic-mineral
fertilizers is humic acid. Humic acid is one of the major components of humic
substances. The effects of humic substances on plant growth depend on the source
and concentration2, as well as on the molecular fraction weight of humus. Lower
molecular size fraction easily reaches the plasmalemma of plant cells, determining
a positive effect on plant growth, as well as a later effect at the level of plasma
membrane, i.e., the nutrient uptake, especially nitrate. The effects on intermediary
metabolism are less understood, but it seems that humic substances may influence
both respiration and photosynthesis2.
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Effects of humic substances on various plants have been reported, i.e., stimulate
growth and nutrient uptake in barley plants3 and olive plants4; enhance maize seed
germination and growth5; increase dry weight of shoot, root growth, plant height
and macronutrient uptake in oat plants6; increase grapevine berry diameter7. Humic
substances have been reported to influence plant growth both directly and indirectly.
The indirect effects of humic compounds on soil fertility include (i) Increase in the
soil microbial population including beneficial microorganisms, (ii) Improved soil
structure and (iii) Increase in the cation exchange capacity and the pH buffering
capacity of the soil. Directly, humic acid compounds may have various biochemical
effects either at cell wall, membrane level or in the cytoplasm, including increased
photosynthesis and respiration rates in plants, enhanced protein synthesis and plant
hormone like activity8. Humic substances may possibly enhance the uptake of minerals
through the stimulation of microbiological activity9. When adequate humic substances
are present within the soil, the requirement for nitrogen, phosphorus and potassium
fertilizer applications may be reduced10. Humic substances are major components
of organic matter, often constituting 60 to 70 % of the total organic matter11. Soil
organic matter are mainly consists of humic and fulvic acids which called humic
materials12,13. They are mainly produced from nitrogenous compounds containing
decomposed amino acids and aromatic complexes13. Those organic complexes
affect soil properties and physiological properties of plant due to carboxyl (-COOH)
and phenolic (-OH) groups14,15. It was reported that humic acid affects physical and
chemical properties of soils15-17. Humic acids have been shown to improve phosphate
availability and uptake by crop plants18. The mechanism by which humic and fulvic
acids stimulate plant growth are not fully clear, although there are some theories
which probably work together. Maggioni et al.19 indicated that humic and fulvic
acids can influence the nutrient absorption, due to their effect on the K+ and Mg2+

dependent ATPase. Humic acids have the ability to transform solid phase forms of
micronutrient cations such as Fe3+, Fe2+, Mn2+ and Zn2+ into soluble metal complexes,
which are available to plants20. Pinton et al.21 demonstrated that the humic substances
affect the activity of microssomal and tonoplast. Samson and Visser22 demonstrated
that cellular membrane permeability can be altered by these acids. These substances
also present auxin and gibberellin-like effects on Raphanus sativus23. Humic substances
have profound influence on the growth of plant roots. When humic acids and/or
fulvic acids are applied to soil, enhancement of root initiation and increased root
growth may be observed10. The stimulatory effects of humic substances have been
directly correlated with enhanced uptake of macronutrients, such as nitrogen, phos-
phorus and sulfur8 and micronutrients, i.e. Fe, Zn, Cu and Mn24. Humic substances
also increased copper and manganese uptake and by enhancing root development,
also improved nitrogen uptake and biomass yield25. The aim of this study is to
determine the effects of humic acid (given to cotton through different application
methods) on yield and technological traits.
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EXPERIMENTAL

This study was carried out in Diyarbakir (lat 37° 54' N, long 40° 14' E and
altitude of about 660 m). The soils of the experimental area were thinly structured
alluvial material or limestone. The soil is low in organic material and phosphorus
and has adequate calcium and high clay content (49-67 %) in the 0-150 cm profile.
Water permeability of the soil is good and salt levels are suitable for cotton production.

Treatment material used in this study was liquid humic acid (humic acid 15 %,
fulvic acid 2.4 % and organic matter 16 % and carbon 9.8 %). Humic acid was
applied by 3 different treatments (seed soaking, foliar spray, seed soaking + foliar
spray with humic acid) and a control. Treatments were applied with 150 mL humic
acid/100 kg seed + 1000 mL water for seed before sowing and 200 mL humic acid/
m2 + 2000 mL water for foliar spray in initial flowering. In control plots, only the
water was sprayed to the seeds and plants. The experiment was carried out with
GW Teks, DP Opal, DP Diamond, Stoneville 453, BA 119 and Sahin 2000 cotton
varieties sown (7 May 2004) in the field according to randomized complete block
design with split plot arrangement with 3 replications. The harvest was made with
hand and at 3 different times. Fiber quality was determined from the hand-picked
seed cotton samples by High Volume Instrument, after the crop was harvested and
ginned by a mini laboratory rollergin.

Data obtained from the various analyses and measurements were subjected to
analysis of variance in MSTAT-C statistical program26 and the least significant diffe-
rence (p: 0.05) was used to verify the significance of differences among treatment
means to determine the effects of humic acid.

RESULTS AND DISCUSSION

Significant effects for humic acid treatments were observed for fiber length,
fiber uniformity (variety × treatment interaction) and micronaire (treatment) para-
meters except for lint turnout, seed-cotton yield and fiber strength parameters.

There were no significant differences (p: 0.05) between treatments for lint turn-
out, seed-cotton yield and fiber strength, although there was a trend for humic acid
application to increase lint turnout, seed-cotton yield and fiber strength properties
(Tables 1-3). However, humic acid treatments increased lint turnout, seed-cotton
yield and fiber strength compared with the untreated control. Especially, humic
acid applied through seed soaking tended to more increase the lint turnout, seed-
cotton yield and fiber strength than the others. These results indicated that humic
acid application affected the lint turnout, seed-cotton yield and fiber strength. This
may be due to the increased chlorophyll content and enhanced rate of photosynthesis
in response to the humic acid treatments. Effects of humic substances on plants
have been reported, i.e., enhance phosphorus uptake and dry matter production in
corn27; increase leaf area and photosynthesis in cacao28; stimulate growth and leaf
N and chlorophyll content in wild olive29. Studies of the effects of humic substances
on plant growth, under conditions of adequate mineral nutrition, consistently show
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positive effects on plant biomass8. Thus, it can be concluded that photosynthesis
and correspondingly, formation of carbohydrates such as glucose, saccharose, etc.
increased due to chlorophyll content in response to humic acid treatments compared
with the untreated control. Differences among varieties were significant and DP
Diamond and BA 119 had higher lint turnout (43.87 and 43.83 %, respectively) and
GW Teks had higher fiber strength (35.23 g/tex). The present study confirms the
findings of Basbag30 reported that humic acid application had no significant effect
on ginning percentage and fiber strength, but is in contrast for seed-cotton yield.

There were significant differences (p: 0.05) between variety × treatment inter-
action for fiber length and fiber uniformity traits and treatment for micronaire (Tables
4-6). Application of humic acid increased both fiber length and fiber uniformity
between variety × treatment interaction and micronaire between treatment compared
with the untreated control. These results indicated that cellulose is very important
for fiber development and derived from photosynthetic rate. Thus, any factor that
influences photosynthetic efficiency ultimately influences the fiber properties. Increased
chlorophyll content in response to humic acid treatments may substantially contri-
bute for enhanced photosynthetic efficiency because higher chlorophyll content is one
of the main factors stimulating the rate of photosynthesis and biological productivity31.
Differences among varieties were not significant for fiber length and were significant
for fiber uniformity and micronaire. DP Opal, GW Teks, DP Diamond and BA 119
had higher fiber uniformity (84.22, 84.77, 84.42 and 84.54 %, respectively) and
Stoneville 453 had higher micronaire (4.66 mic). The present study is in contrast to
the findings of Basbag30 reported that humic acid application had no significant
effect on both fiber length and fiber fineness.
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