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Introduction

Sugarcane cultivation has been revived in Khuzestan province of Iran since the 1960s and due to
good results, gradually began to grow from north to south of this region. Currently, sugarcane is
cultivated in more than 100,000 hectares of the province's land and almost 25% of the country’s
demand for sugar is produced in this region. Regarding the very low rainfall and water resources
reduction of the country in recent years, the optimal use of irrigation water is very important.
Sugarcane fields in Iran due to irrigation problems such as distribution and consumption
management, and the lack of continuous and uniform water supply, have high water use per hectare.
In other words, the irrigation water use of farms is twice to three times of the real water need of
sugarcane. Irrigation water use efficiency or WUE, which can be calculated from the ratio of plant
dry matter to water consumption per hectare (Anyia and Herzog, 2004), is a very important criterion
that can be of use in evaluating and improving irrigation operations and optimal water consumption.
The water use efficiency of sugarcane depends on various factors such as climate, soil characteristics,
irrigation management, cane cultivar and plant growth stage.

Irrigation water quality, climate change, weeds and soil characteristics (high pH and low organic
matter, for example) are the main factors that affect production of sugarcane in Iran. Therefore, the
yield of the sugarcane is also far from the potential yield. Sugarcane fields of Khuzestan province are
mainly rich in lime percentage and poor in organic matter and phosphorus. Soil pH in this region of
the country is also about 8-8.5 and uptake of some elements such as phosphorus, by plants and
phosphorus fertilizer efficiency in these soils (alkaline and calcareous soils) are expected to be low
(Wang and Wang, 1995). The optimum use of phosphorus fertilizer and water irrigation are essential
for the gquantitative and qualitative function of sugarcane plants. Due to the very low mobility of
phosphorus in soil, its uptake by plants such as sugarcane is affected by the number of soil and plant
factors (especially plant root characteristics). Changes in these factors can lead to reduction or
increase of P uptake by the crop.

Because of the role of organic compounds in improvement of mobility and phosphorus uptake, the
use of organic maters has been considered in several researches. Organic compounds can play a
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direct and indirect role in plant factors and in phosphorous uptake improvement, yield increase and
finally water use efficiency improvement.

Methodology

The optimum use of phosphorus fertilizer and water irrigation are essential for the quantitative
and qualitative function of sugarcane plants. Due to the very low mobility of phosphorus in soil, its
uptake by plants such as sugarcane is affected by number of soil and plant factors (especially plant
root characteristics). Changes in these factors can lead to reduction or increase of P uptake by the
crop. Because of the role of organic compounds in improvement of mobility and phosphorus uptake,
the use of organic matters has been considered in several researches. Organic compounds can play a
direct and indirect role in plant factors and in phosphorous uptake improvement, yield increase and
finally water use efficiency improvement.

In this regard, a greenhouse pot experiment was conducted in 2016-2017 at Farabi Agro Industry
Co, 35 km south of Ahvaz, Iran (48° 36' E, 30° 59' N). This research carried out by using three levels
of humic acid (immersion of sugarcane setts in three concentrations of 0, 0.3 and 0.5% of humic
acid) as well as three levels of phosphorus fertilizer (triple super phosphate) 0, 125 and 250 kg/ha, in
two different harvesting periods (45 and 90 days after planting). The experiment was set up as a
factorial, based on Complete Randomized Design with three replicates. In this experiment, the effects
of different levels of phosphorous fertilizers and humic acid on aerial parts (shoot height, shoot dry
weight), underground part (root length, root dry weight), and finally, water use efficiency in different
treatments were investigated.

Results and discussion

As the results show, the use of humic acid and phosphorus fertilizer, although with different rates,
can improve all of these factors. Shoot height, shoot dry weight, root length, root dry weight and
water use efficiency in humic acid treatments and phosphorous fertilizer treatments (as the
phosphorous fertilizer levels rose) showed a significant increase in both harvests compared to non-
used humic acid and also in non-used phosphorous treatments.

The results showed that the application of humic acid and phosphorus fertilizer improved the
length and weight of the sugarcane root and because of root system development, the height and
plant dry matter increased significantly. As a result of the increase in dry matter of plant in these
treatments, water use efficiency increased 2 to 3 times in the first and 50% in the second harvest,
compared to the control treatment. The results of this study indicated a strong relationship between
root dry weight, root length and water use efficiency, in both harvest times (figure 1 and 2, for
example).

0 0.5 1 1.5 2 2.5 3 3.5

Root weigh( Kgx10-3)

Fig. 1- The relationship between root weight and water use efficiency in the first harvest
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Fig. 2- The relationship between root length and water use efficiency in the first harvest

Conclusion

In this study, the effect of different treatments of humic acid with different treatments of
phosphorus fertilizer on root system, dry matter of sugarcane and also water use efficiency were
investigated. The results showed that the application of humic acid at plantation time as immersion
setts in humic acid solution could improve significantly these plant factors (including root length and
dry weight of root, height and dry weight of shoot) and finally water use efficiency. In addition, in
most of the factors with similar or lower phosphorous content, even in non-fertilized treatments, the
use of humic acid has shown better results than that of the same, but without the use of humic acid
treatments.
Based on the results, using humic acid due to improved phosphorus fertilizer use efficiency and
phosphorous uptake by plant is expected to be increased and hence the fertilizer use would be
reduced. This study showed that it is possible to use humic acid in the practical form during the
cultivation of sugarcane setts, but it seems that further research is needed to examine other important
points such as the use of humic acid during plant growth season and its other applications, such as
spraying or its application in irrigation water.
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Table 2- Variance analysis of effect humic acid and phosphorus fertilizer on plant characteristics and phosphorus uptake in sugarcane at 45 and 90 days after

planting (DAP)

Root weigh () Root length (m) Shoot weigh (g) Shoot height (cm) Water use efficiency

S.0V df (kg m?)
45 DAP 90 DAP 45 DAP 90 DAP 45 DAP 90 DAP 45 DAP 90 DAP 45 DAP 90 DAP
p 2 1.039™ 1.49" 1343.46™  3937.00™ 574" 21.3" 42.51" 14.37™ 0.065™  0.090™
Humic acid 2 2.99™ 4.74™ 5125.22™  17476.22™ 39.18™  172.25™ 171.38™ 54.84™ 0.441™ 0.844™
P x Humic acid 4 0.3537"  0.29" 85.19™ 499.44" 1.837m™ 5.35m™ 5.57m 1.06" 0.019™ 0.021"
Error 12 0.0930 0.40 11.76 567.34 1.093 1.60 12.03 4.55 0.010 0.007

" Non significant, * Significant at 5%, ** Significant at 1%
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Table 3- Mean comparison of effect humic acid and phosphorus fertilizer on shoot and root characteristics in sugarcane at 45 and 90 days after planting (DAP)

Water use efficiency

Treatments Root weigh (g) Root length (cm) Shoot dry matter (g) Shoot height (cm) (kg M)

45 DAP 90 DAP 45 DAP 90 DAP 45 DAP 90 DAP 45 DAP 90 DAP 45 DAP 90 DAP

PoHo 0.84° 9.69° 2807.00° 14751.13° 3.42¢ 26.46° 18.50¢ 30.00° 0.33¢ 1.58¢
P125Ho 1.07° 10.61%® 5151.33%  18974.20% 4.19% 27.89%® 22.4Qb¢ 32.47® 0.40¢% 1.66¢
P2soHo 1.45° 10.35% 5262.03%  18863.03% 5.23¢de 29.85% 24,87 33.41® 0.50¢de 1.78¢
PoHo3 1.77° 11.14% 7985.97%  23351.13% 7.5320¢ 34,53% 29.67%® 36.35% 0.723bc 2.06°
P125Ho3 2.15% 12.06? 11080.572  29579.472 8.00% 39.26° 30.30%® 38.432 0.77%¢ 2.342
PasoHo.3 3.242 12.312 9977.70°  27792.37%® 10.102 39.06? 34.072 38.332 0.972 2.33®
PoHos 1.72b 11.17% 7154.13% 25406.432 6.965cd 35.03%® 28.47% 35.15% 0.675cd 2.09P¢
P12sHos 1.852 11.972 8055.102 26833.23%® 8.982 37.87% 30.30% 36.91% 0.862 2,258
P2soHos 1.852 11.64% 8186.072 27982.802 7.812¢ 35,55 29.93%® 36.64% 0.75%¢ 2.128b¢

In each column, the means with dissimilar letters are significant different at P < 0.05 (Tukey method)
Ho, Hos and Hos indicate 0, 0.3 and 0.5% humic acid solution, respectively; Po, P12s and Pas indicate control (0), 125 and 250 P fertilizers use per hectare, respectively.
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