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Abstract

Pot experiment was conducted to study the alternate and fixed partial root zone drying on
irrigation water use efficiency and phosphorus absorption efficiency of corn (Zea mays L.)
in a gypsiferous soil during the spring growing season. The experiment included three
irrigation techniques, which were conventional irrigation (C1), alternating partial root-
zone drying (APRD) and fixed partial root-zone drying (FPRD), and three levels of
phosphate fertilizer application (40, 80, 120 Kg h), for three stages of plant growth,
jointing stage (40 days from planting), booting stage (60 days from planting) and maturing
stage (105 days from planting). The experiment was carried out with a complete
randomized design with nine replications. Yellow corn seeds variety DKC6664 were
planted on 20/3/2020. During the aforementioned growth stages, the development of the
root system and vegetative parts of corn plants were studied and the water use efficiency
was calculated for each growth stage. Results showed a decrease in the ratio of root to the
vegetative weight under the alternating and fixed root-zone drying for the three
fertilization levels and the three-growth stage (jointing, booting, maturing). The
conventional irrigation treatment gave a grain yield of 40.53, 51.44 and 57.71 g pot™* for
the fertilization levels of 40, 80 and 120 kg P h* with a significant difference compared to
alternate and fixed partial root-zone drying treatments. Alternate partial root-zone drying
give the highest water use efficiency of 0.90, 0.93 and 0.98 kg m3. Higher values of
phosphorus absorption was recorded with CI treatment. The phosphorus absorption was
high in the jointing and booting stages of corn growth. Phosphorous reduced some of the
negative effects of water shortage on plant growth and yield and the reason for an increase
in water use efficiency.
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Table 1 Some Physical and Chemical Characteristics of the Studied Soil. It was not possible to estimate the
sedimentation percentage of the soil suspension due to the high gypsum content. (Soil samples were
collected from a gypsum soil area at the Research Station of the Soil and Water Resources Department,
Tikrit University. The station is located at a latitude of 49° 40’ 34" N and a longitude of 40° 38' 43" E, with
an elevation of 129 meters above sea level.
A gypsum soil model (17.76 g/kg) was prepared by blending two soil models. The first model was from the
surface horizon with a thickness of 0-7 cm and a gypsum content of 50 g/kg. The second model was from
the gypsum horizon with a thickness of 30-45 cm and a gypsum content of 300 g/kg. The two soils were
mixed and moistened with continuous stirring. The mixture was incubated for 40 days to achieve a uniform
gypsum content. After the incubation period, the samples were air-dried, ground, and sieved through a 2 mm
sieve for routine soil analysis).
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Table 2 The effect of alternating and constant partial root-zone drying, and different levels of phosphate
fertilizer, on the root dry weight of corn plant (g/plant) during the vegetative, tasseling, and maturity stages.
*Represents the right side of the root system.
**B represents the left side of the root system.
The findings revealed that traditional irrigation yielded the highest average dry weight of the root,
significantly surpassing alternating and constant irrigation methods. Furthermore, the study highlighted the
positive effect of phosphate fertilizer levels on root weight. Higher phosphate fertilizer levels led to
increased root dry weights, with the 120 kg/ha P treatment exhibiting the greatest enhancement. The
interaction between irrigation methods and phosphate fertilization showed that both alternating and constant
root-zone drying had a negative impact on root weight during the vegetative stage, particularly when
coupled with the lower phosphate fertilizer level. This reduction was even more pronounced during the
tasseling and maturation stages. On the other hand, increasing phosphate fertilizer levels had a positive
effect on root weight, both under alternating and constant irrigation, particularly during the later growth
stages.
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Table 3 The effect of alternating and constant partial root-zone drying, and different levels of phosphate
fertilizer, on the dry matter of the corn plants during vegetative, tasseling, and maturity stages. The results of
table 3 shows that that both alternating and constant irrigation methodologies led to a reduction in the dry
weight of the aerial part by 12.35% and 34.38%, respectively, in contrast to conventional irrigation. In terms
of phosphate fertilization, the findings illuminated that the 120 kg/ha® P treatment yielded the highest
average dry weight of the aerial portion, outperforming the 40 and 80 kg/ha™* P treatments by 21.19% and
12.63%, respectively. This surge in dry weight finds its roots in the inherently nutrient-depleted nature of
gypsum soil, which responds favorably to the introduction of fertilizers, particularly those rich in
phosphates, thereby corroborating earlier studies.
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Table 4 The effect of alternating and constant partial root-zone drying, and different levels of phosphate
fertilizer, on root shoot ratio of the corn plants. Table 4 demonstrates the impact of alternating and constant
partial root zone drying, as well as varying levels of phosphate fertilizer, on the root-to-shoot weight ratio in
corn plants. It is evident that both alternating and constant drying treatments resulted in a reduction in the
root-to-shoot weight ratio compared to the traditional irrigation treatments, where the plants received
sufficient water to support tissue and cell development. This reduction in the ratio amounted to 10.14% and
17.15% respectively. The root-to-shoot weight ratio increased with higher levels of phosphate fertilizer
under the alternating and constant root-zone drying methods. The root-to-shoot weight ratio varied
throughout the different growth stages of the plants, with the highest ratio observed during the vegetative
growth stage, reaching 51.79%. The interaction results indicated that the root-to-shoot weight ratio
decreased during the vegetative growth stage for the 40 kg/ha P fertilized treatment by 2.29% and 9.71% for
alternating and constant drying, respectively, compared to the traditional irrigation treatment. For the
tasseling stage, the ratio decreased by 0.18% and 15.43%, and for the maturity stage, the decrease was
10.88% and 28.74%, respectively.
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Table 5 The effect of alternating and constant partial root-zone drying, and different levels of phosphate
fertilizer, on grain yield (g plant-1) of corn plants. The results reveal that the traditional irrigation treatment
outperformed the alternating and constant partial drying treatments, yielding the highest average grain yield
of 49.56 g/plant. In contrast, alternating and constant drying reduced the grain yield by 9.82% and 45.46%,
respectively. Phosphate fertilizer levels positively impacted the grain yield of corn. The treatment with 120
kg/hat P fertilization exhibited the highest grain yield average of 48.41 g/plant, surpassing the 80 and 40
kg/ha! P fertilized treatments by 15.85% and 40.17%, respectively. The interaction results indicated that the
traditional irrigation treatment at the 120 kg/ha P fertilized level yielded the highest average grain yield of
57.71 g/plant, while the constant drying treatment at the 40 kg/ha* P fertilized level yielded the lowest
average grain yield of 22.58 g/plant. Furthermore, increasing the level of phosphate fertilizer resulted in
higher grain yield under both alternating and constant root-zone drying methods. The treatment with 120
kg/ha P fertilization exhibited a significant increase of 35.45% and 44.11% compared to the 40 kg/ha™ P
fertilized treatment for alternating and constant drying, respectively.
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Table 6 The effect of alternating and constant drying of the root system and the levels of phosphate fertilizer
on the percentage of phosphorus absorption in the vegetative part.
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Table 7 illustrates the superiority of the alternating partial root zone drying treatment over the traditional
irrigation treatment in terms of water use efficiency for dry seed yield, with an increase of 10.59%. The
alternating treatment yielded an average of 0.94 kg/ms3, surpassing the constant drying treatment by 40.30%.
The results also showed that increasing the level of phosphate fertilizer led to an improvement in water use
efficiency. The 120 kg/ha P treatment yielded the highest average water use efficiency at 0.89 kg/m,
surpassing the 40 and 80 kg/ha* P treatments by 17.10% and 11.25%, respectively. The interaction between
irrigation methods and phosphate fertilizer levels revealed that the highest water use efficiency was observed
in the alternating irrigation treatment at the 120 kg/ha* P level, reaching 0.98 kg/m3. The constant drying
treatment at the 40 kg/ha P level resulted in the lowest water use efficiency value of 0.60 kg/ms3, indicating
a decrease of 38.78%. Increasing fertilizer levels led to an increase in water use efficiency for all irrigation
methods, with an increase of 8.89% and 25% for the 120 kg/ha™! P fertilized treatment in the alternating and
constant root-zone drying treatments, respectively, compared to the 40 kg/ha™* P fertilized treatment.
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Table 8 Water Use Efficiency Based on Total Shoot and Root Biomass in Corn Plants. results: The
alternating and constant partial root-zone drying treatments outperformed the traditional irrigation
treatments by 27.59% and 15.86% respectively. The addition of phosphate fertilizer increased water use
efficiency with higher fertilizer levels. The 120 kg/ha P level exhibited the highest water use efficiency,
measuring 0.89 kg/m3. This surpassed the 40 and 80 kg/ha P levels by 23.64% and 13.51% respectively.
Water use efficiency varied across plant growth stages. The tasseling stage showed the lowest water use
efficiency value of 0.90 kg/m3 due to increased water consumption during this period, as the growing season
advanced and increases the temperatures.

The interaction between irrigation methods and fertilizer levels revealed that alternating partial root zone
drying led to an increase in water use efficiency by 17.69%, 63.16%, and 35.25% for the 120 kg/ha P
fertilized treatment in the vegetative, tasseling, and maturity stages respectively, compared to the 40 kg/ha P
fertilized treatment. The constant drying treatment improved water use efficiency across all three stages for
the 120 kg/ha P fertilized treatment by 35.58%, 4.94%, and 11.27%, respectively, when compared to the 40
kg/ha P fertilized treatment.
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Table 9 Water Use Efficiency per Fertilizer Unit (kg/m3). Demonstrates that alternating partial root-zone
drying surpassed traditional and constant irrigation methods in water use efficiency per unit of phosphate
fertilizer, with an increase of 17.14% compared to traditional irrigation. Furthermore, alternating drying
outperformed constant partial drying by 46.43%. The decrease in water use efficiency for the constant
drying treatment can be attributed to the substantial reduction in yield despite the decrease in water input.
The interaction between irrigation methods and phosphate fertilizer levels indicated that the alternating
irrigation method excelled in water use efficiency per unit of phosphate fertilizer at the 40 kg/ha P level,
surpassing traditional and constant irrigation by 25.00% and 54.76% respectively. At the 80 kg/ha P level,
the alternating drying treatment outperformed traditional and constant irrigation by 6.25% and 47.83%
respectively. Similarly, at the 120 kg/ha P level, the alternating drying treatment exceeded traditional and
constant irrigation by 4.35% and 26.32% respectively.

JJLAAM

1. Adrian, J. (2001). Phosphor Fertilization — sources and efficiency. potash and
phosphate institule of Canada, 1-4.

2. Alfalahi, A. A., Al-Abodi, H. M. K., Jabbar, B. K. A., Muhadi, A. M., and Sulman, K.
A. (2015). Scheduling irrigation as a water saving practice for corn (Zea mays L.)
production in Irag. International Journal of Applied Agricultural Sciences, 1(3): 55-59.

3. Al-Zubaidy, A. H., Al-Barazanji, A. F., and Salih, A. (1981). Evaluation of different
methods for determining gypsum content in Iragi gypsifereous soils. Iragi Journal of
Agricultural Sciences, 16: 133-142.

4. Azarpanah, A., Alizadeh, O., Dehghanzadeh, H., and Zare, M. (2013). The effect of
irrigation levels in various growth stages on morphological characteristics and yield
components of Zea mays L. Technical Journal of Engineering and Applied Sciences,
3(14): 1447-1459.

189



ISSN: 1992-7479 E-I1SSN: 2617-6211 2022 ,1 223 20 sbaa A3l aglell JLiY) dlsa

5. Billy, E. W. (2005). How a sorghum plant develops. http;// sanagelo. Tamu. Edu.
/agronomy/ sorghum. Htm.

6. Black, C. A. (1965). Methods of soils analysis. American Society of Agronomy Inc. U.
S.A

7. Bremner, J. M., and Mulvaney, C. S. (1982). Total nitrogen in: Page, AL, RH Miller,
and DR Keeney (Eds). Methods of Soil Analysis. Part 2. American Society of
Agronomy. Madison, WI USA, 595-624.

8. Castellanos, M. T., Tarquis, A. M., Ribas, F., Cabello, M. J., Arce, A., and Cartagena,
M. C. (2013). Nitrogen fertigation: An integrated agronomic and environmental study.
Agricultural Water Management, 120: 46-55.

9. Curtin, D., and Syers, J. K. (2001). Lime-induced changes in indices of soil phosphate
availability. Soil Science Society of America Journal, 65(1): 147-152.

10. Dimkpa, C. O., Andrews, J., Sanabria, J., Bindraban, P. S., Singh, U., Elmer, W. H., ...
and White, J. C. (2020). Interactive effects of drought, organic fertilizer, and zinc
oxide nanoscale and bulk particles on wheat performance and grain nutrient
accumulation. Science of the Total Environment, 722: 137808.

11.Du, T., Kang, S., Zhang, J., and Li, F. (2008). Water use and yield responses of cotton
to alternate partial root-zone drip irrigation in the arid area of north-west China.
Irrigation Science, 26(2): 147-1509.

12. Gahoonia, T. S., Raza, S., and Nielsen, N. E. (1994). Phosphorus depletion in the
rhizosphere as influenced by soil moisture. Plant and Soil, 159(2): 213-218.

13. Gengoglan, C., Altunbey, H., and Gengoglan, S. (2006). Response of green bean (P.
vulgaris L.) to subsurface drip irrigation and partial rootzone-drying irrigation.
Agricultural water management, 84(3): 274-280.

14.Havlin, J. L., Beaton. J. D., Tisdal. S. L. and Nelson.W. L. (2005). Soil Fertility and
Fertilizers.7th Edi. An introduction to nutrient management. Upper Saddle River, New
Jersey.

15. Hebbar, S. S., Ramachandrappa, B. K., Nanjappa, H. V., and Prabhakar, M. J. E. J. O.
A. (2004). Studies on NPK drip fertigation in field grown tomato (Lycopersicon
esculentum Mill.). European Journal of Agronomy, 21(1); 117-127.

16.Hodge, A. (2004). The plastic plant: root responses to heterogeneous supplies of
nutrients. New phytologist, 162(1): 9-24.

17.Hu, T., Kang, S., Li, F., and Zhang, J. (2011). Effects of partial root-zone irrigation on
hydraulic conductivity in the soil-root system of corn plants. Journal of experimental
botany, 62(12): 4163-4172.

18.Jackson, M. L. (1958). Soil chemical analysis. Prentis-Hall Inc. Engl, Cliffs, 11: 188-
196.

19. Jovanovic, Z., Stikic, R., Vucelic-Radovic, B., Paukovic, M., Brocic, Z., Matovic, G.,
... and Mojevic, M. (2010). Partial root-zone drying increases WUE, N and antioxidant
content in field potatoes. European Journal of Agronomy, 33(2): 124-131.

190



ISSN: 1992-7479 E-I1SSN: 2617-6211 2022 ,1 223 20 sbaa A3l aglell JLiY) dlsa

20. Kirda, C. (2002). Deficit irrigation scheduling based on plant growth stages showing
water stress tolerance. Food and Agricultural Organization of the United Nations,
Deficit Irrigation Practices, Water Reports, 22(102).

21.Li, F., Liang, J., Kang, S., and Zhang, J. (2007). Benefits of alternate partial root-zone
irrigation on growth, water and nitrogen use efficiencies modified by fertilization and
soil water status in corn . Plant and soil, 295(1): 279-291.

22.Liang, H., Li, F., and Nong, M. (2013). Effects of alternate partial root-zone irrigation
on yield and water use of sticky corn with fertigation. Agricultural water management,
116: 242-247.

23.Liu, C., Rubzk, G. H., Liu, F., and Andersen, M. N. (2015). Effect of partial root zone
drying and deficit irrigation on nitrogen and phosphorus uptake in potato. Agricultural
Water Management, 159: 66-76.

24. Mao, X., Liu, M., Wang, X., Liu, C., Hou, Z., and Shi, J. (2003). Effects of deficit
irrigation on yield and water use of greenhouse grown cucumber in the North China
Plain. Agricultural water management, 61(3): 219-228.

25. Matt, K. J. (1970). Colorimetric determination of phosphorus in soil and plant
materials with ascorbic acid. Soil Science, 109(4): 214-220.

26. McBeath, T. M., McLaughlin, M. J., Kirby, J. K., and Armstrong, R. D. (2012). Dry
soil reduces fertilizer phosphorus and zinc diffusion but not bioavailability. Soil
Science Society of America Journal, 76(4): 1301-1310.

27.Nejad, T. S., Bakhshand, A., Nasab, S. B. and Payande. K. (2010). Effect of drought
stress on corn root growth. Report and opinion, 2(2): 47-53.

28.0Ilsen, S. R. (1954). Estimation of available phosphorus in soils by extraction with
sodium bicarbonate (No. 939). US Department of Agriculture.

29.Oweis, T., Zhang, H., and Pala, M. (2000). Water use efficiency of rainfed and
irrigated bread wheat in a Mediterranean environment. Agronomy journal, 92(2): 231-
238.

30.Page, A. L., Miller, R. H. and Keency, D. R. (1982). Chemical and microbiological
properties. 2nd edition. American Society of Agronomy. Wisconsin, USA.

31.Reddy, U. V. B., Reddy, G. P., Reddy, M. S., and Kavitha, P. (2018). Effect of
different nitrogen and phosphorus levels on growth and yield of corn during kharif
season. International Journal of Current Microbiology and Applied Sciences, 7(1):
3548-3555.

32.Somaweera, K. A. T. N., Suriyagoda, L. D. B., Sirisena, D. N., and De Costa, W. A. J.
M. (2016). Accumulation and partitioning of biomass, nitrogen, phosphorus and
potassium among different tissues during the life cycle of rice grown under different
water management regimes. Plant and Soil, 401(1): 169-183.

33. Strong, W. M., and Barry, G. (1980). The availability of soil and fertilizer phosphorus
to wheat and rape at different water regimes. Soil Research, 18(3): 353-362.

34.War, S., and Shaktawat, M. S. (2003). Influence of phosphorus sources, levels and
solubilizers on yield, quality and nutrient uptake of soybean (Glycine max)—wheat

191



ISSN: 1992-7479 E-I1SSN: 2617-6211 2022 ,1 223 20 sbaa A3l aglell JLiY) dlsa

(Triticum aestivum) cropping system in southern Rajasthan. Indian Journal of
Agricultural Sciences, 73(1): 3-7.

35.Wahbi, S., Wakrim, R., Aganchich, B., Tahi, H., and Serraj, R. (2005). Effects of
partial rootzone drying (PRD) on adult olive tree (Olea europaea) in field conditions
under arid climate: I. Physiological and agronomic responses. Agriculture, Ecosystems
and Environment, 106(2-3): 289-301.

36. Warrick, B. E., Sansone, C., and Johnson, J. (2000). Grain Sorghum Production in
West Central Texas. Extension Agronomist, Extension Entomologist and Extension
Economist, 2: 3-25.

37. White, P. J., Broadley, M. R., and Hammond, J. P. (2005). Optimising the potato root
system for phosphorus acquisition. Comparative Biochemistry And Physiology A-
Molecular & Integrative Physiology, 141(3): S222-S223.

38. Zegbe-Dominguez, J. A., Behboudian, M. H., Lang, A., and Clothier, B. E. (2003).
Deficit irrigation and partial rootzone drying maintain fruit dry mass and enhance fruit
quality in ‘Petopride’processing tomato (Lycopersicon esculentum, Mill.). Scientia
Horticulturae, 98(4): 505-510.

39. Zhang, J., Wang, Q., Pang, X. P., Xu, H. P., Wang, J., Zhang, W. N., and Guo, Z. G.
(2021). Effect of partial root-zone drying irrigation (PRDI) on the biomass, water
productivity and carbon, nitrogen and phosphorus allocations in different organs of
alfalfa. Agricultural water management, 243: 106525.

40.Zhang, L., Gao, L., Zhang, L., Wang, S., Sui, X., and Zhang, Z. (2012). Alternate
furrow irrigation and nitrogen level effects on migration of water and nitrate-nitrogen
in soil and root growth of cucumber in solar-greenhouse. Scientia Horticulturae, 138:
43-49.

192


http://refhub.elsevier.com/S0378-3774(15)30012-3/sbref0320
http://refhub.elsevier.com/S0378-3774(15)30012-3/sbref0320
http://refhub.elsevier.com/S0378-3774(15)30012-3/sbref0320
http://refhub.elsevier.com/S0378-3774(15)30012-3/sbref0320
http://refhub.elsevier.com/S0378-3774(15)30012-3/sbref0320
http://refhub.elsevier.com/S0378-3774(15)30012-3/sbref0320
http://refhub.elsevier.com/S0378-3774(15)30012-3/sbref0320
http://refhub.elsevier.com/S0378-3774(15)30012-3/sbref0320
http://refhub.elsevier.com/S0378-3774(15)30012-3/sbref0320
http://refhub.elsevier.com/S0378-3774(15)30012-3/sbref0320
http://refhub.elsevier.com/S0378-3774(15)30012-3/sbref0320

