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ABSTRACT
1 Department of Horticulture, Incorporating green manure in soil increases the availability of nutrient

elements and improve of quality characteristics in the succeeding crops.
So, a field experiment was conducted at the experimental farm and
laboratory of Institute of Sustainable Agrotechnology, Universiti
Malaysia Perlis, Padang Besar, Perlis, Malaysia. This study was about
effect of green manure with mungbean (Vigna radiata L.) on some quality
characteristics of sweet potato under two grown conditions; open field
and greenhouse. The green manuring of mungbean was compared with
the control. Results of the study show of that there were different effect of
treatments on quality characteristics of sweet potato. The highest nitrogen
content in leaves and protein content in tuberous root 1.64% and 2.49%,
respectively, were observed in the treatment of mungbean residue. But the
highest sugar content of 19.93% in tuberous root was recorded in control
treatment. Mungbean residue and control treatment were not significantly
different between them in phosphorous and potassium content in leaves,
hardness of tuberous root and starch content. There was significant
increment in nitrogen and potassium contents in sweet potato leaves under
open field condition. On the other hand, there was significant increment
in sugar content under greenhouse condition. But the different conditions
were at par in phosphorous content in leaves, starch content in tuberous
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root and hardness of tuberous root. The nitrogen content in leaves was
greatest at treatment of mungbean residue under open field condition,
while treatment of mungbean residue under greenhouse condition gave
highest protein content in tuberous root compared to other treatments.
Highest starch content and sugar in tuberous root were found in control
treatment under greenhouse condition 52.90% and 20.92%, respectively.
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INTRODUCTION

Organic fertilizers are indispensable for vegetable cultivation, especially in regions that suffer
from low organic matter content. This production arrangement is a significant priority area
worldwide in view of the increasing demand for healthy and safe food and long-lasting
sustainability in addition to matters regarding environmental pollution. In this system, production is
based on synergism with nature, which accounts for its sustainability (Mahdi et al., 2010). Though
the usage of chemical inputs in farming is unavoidable to meet the growing requirements for feed
and food in the world, presently there are opportunities for certain crops and niche regions for
successful organic farming. Sustainable nutrient control is very essential. This necessitates a series
of management practices to preserve soil resources, retain or enhance productivity and facilitate the
reduction in farmers’ reliance on expensive chemical fertilizers. One of the important components
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of the sustainable system is the use of legume rotation crops and/or organic soil amendments such
as green manure.

Mungbean (Vigna radiata L.) is an important crop of the summer period with several uses. It
finds usage in soil reclamation, green manuring, and animal feed. Green manuring is the procedure
of growing crops, ideally legumes, and plowing them beneath the soil surface. It can improve the
sustainability of the farming system by protecting the soil from erosion, improving fertility and also
enhancing soil properties. Also, it may improve nutrition of subsequent crops using several
mechanisms. Green manure crops are grown to be directly incorporated into the soil for the purpose
of enriching it. It has been demonstrated that legume green manures can: provide a significant
source of nitrogen to the subsequent crop plant by converting the unreactive form of nitrogen in the
air (N2) to reactive forms of nitrogen (NH4 and NO3) that can be utilized by plants (MacDicken,
1994). Recycle nutrients from the subsoil (Hartemink et al., 1996) and prevent root decay, thus
replacing some portion of economically and environmentally costly chemical fertilizers (Maroko et
al., 1998).

However, there is a lack of known information on the effects of mungbean residue on the
quality characteristics of sweet potato plants, especially on the actual correlation between the effects
of mungbean residue on the soil and on the successful development of the plants. Therefore, the
objectives of this study were to assess the potential of mungbean residue as a green manure and its
effects on the quality characteristics of sweet potato plants under different growth conditions.
MATERIAL AND METHODS
Experiment Site:

This field experiment was conducted from 16th July to 17th September 2016 at the Institute
Sustainable Agrotechnology (INSAT) experimental farm, Universiti Malaysia Perlis, Padang Besar,
Perlis, Malaysia. Geographically, it is situated at the coordinates of 6.6530 N, 100.2610 E with an
average altitude of 1,800 m above sea level and the area receives an average annual rainfall of
1700-2200 mm. The annual average air temperature at the study site was about 32 oC. The mean
maximum and minimum air temperatures during the experimentation period were 26.6 and 27.7 oC,
respectively, at open field and 30.53 and 31.9 oC, respectively, at greenhouse. The experiments
were set up on loamy sand soil. Soil pH was 5.5-6.5, and catalogued as chromic luvisol as per the
FAO/UNESCO legend (Asiamah, 1998). The data associated with the soil properties and the green
manure is displayed in Table 1. The humidity, temperature and rainfall of the research field are
summarised in Table 2 and Fig. 1.

Table (1) Some properties of applied soil and plant residue in this study

Parameters Unit Soil Mungbean
residue
Sand (%) 80.2 -
Silt (%) 9.6 -
Clay (%) 7.6 -
Textural class | Loamy sand -
CEC (%) 25 -
pH 5.9 5.2
N (%) 0.15 3.6
P (ppm) 46 2440
K (%) 0.20 29.6
Mg (%) 0.73 11
oC (%) 0.12 27
oM (%) 2.2 79
C:N 1.64 6.75

*CEC= cation exchange capacity; N = nitrogen; P = phosphorus; K = potassium; Mg= magnesium;
OC= organic carbon; OM = Organic matter
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Table (2) Mean values of weather parameters recorded during study season

Month Parameters Open field Greenhouse

September Temperature (°C) 27.7 31.9
Relative humidity (%) 76.67 72.86
October Temperature (°C) 27.1 30.53
Relative humidity (%) 85.54 82.29
November Temperature (°C) 27.4 31.11
Relative humidity (%) 83.58 81.48
December Temperature (°C) 26.6 31.78
Relative humidity (%) 85.8 84.95
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Figure (1) Mean values of rainfall recorded during study season

The soils were treated with no residue (control) and mungbean residue. A local sweet potato
cultivar was used. The fresh mungbean residue was harvested from the field 1 month after it was
planted. The experimentation in greenhouse was carried out in greenhouse 12 x 44 m having side
ventilation. Meanwhile the research in open field was carried out in a flat and homogeneous area.
The land area used for the experiment had dimensions of 63 m2 (9 m x 7 m). The replicates were
separated from each other by 1.30 m lanes, while the individual sections were separated by 0.4 m
lanes. The experimental outline was a split-plot model with 4 replicates. The major plots were
allotted to open field and greenhouse and the smaller plots to green manure and control.

The mungbean residue was incorporated into the soil immediately within 1 week after
ploughing. Seventy tons per hectare of fresh mungbean were evenly spread on the appropriate plots
and incorporated into the soil with a hand hoe. The sweet potato cuttings were planted four weeks
after the application of the mungbean residue. The cuttings were directly planted using a stick to
push them into the soil. Each cutting was planted at a spacing of 40 cm x 150 cm, thereby giving a
plant population of 26,666 plants per hectare.

Analysis of Quality Characteristics

The sweet potato parts (shoots and tuberous root) were collected and dried at 70°C in an
oven for three days, and their dry weight was then determined. The analysis of the total nitrogen
content was conducted using the Kjeldahl method. It was then multiplied by 6.25 to determine the
protein content. The analysis of the phosphorous and potassium content was conducted using a UV-
spectrophotometer and atomic absorption spectrophotometer, respectively. The Lane and Eynon’s
method was used to analyse the starch and sugar content (AOAC, 2005).

Statistical Analyses

Data was analysed with ANOVA as a split-plot randomized complete block design, with
four replications. When significant statistical interactions between condition and mungbean residue
were found, a t-test was performed. Data was analysed using SAS, version 9 (SAS Institute, 2002).
RESULTS AND DISCUSSION
Effect of mungbean residue, different growth conditions and interaction between them on
nitrogen content in sweet potato leaves

The high uptake amounts of nitrogen in leaves of sweet potato 1.64% was found in the
mungbean residue treatment (Table 3). Most studies on green manure are related to leguminous
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crops, which present a high potential to atmospheric N fixation and availability to subsequent crops,
as was observed in this study for mungbean. Efficiency and utilization of N were greater following
these legume green manure crops than following either fallow or wheat (Badaruddin and Meyer
1990). Griffin and Hesterman (1991) and van Cingel (1992) also found an increase in potato plant
N uptake after legume green manure treatments. Mahler and Hermamda (1993) also indicated that
winter pea (Pisum sativum sp. Arvense L.) at 3 Mg ha—1 provided a N credit of 47 to 76 kg N ha-1
to spring wheat. However, this study indicated that other green manure species (Cruciferae and
Graminae) significantly increased wheat yields and N uptake. These results indicate that benefits of
green manures consist of recovery of residual soil N or by fixing atmospheric N and their N
contribution to a subsequent crop.
Table (3) Effect of mungbean residue on nitrogen content in sweet potato leaves

Treatments () Mean
Open field Greenhouse
Control 1.86 a 1.06 ¢ 1.46b
Mungbean residue 193a 1.35b 1.64a
Mean 1.89a 1.20b

* Different alphabets in the same column show significant difference using Duncan’s Multiple
Range test (P< 0.05) and average was calculated from four replicates.

The nitrogen uptake of 1.20% under greenhouse conditions was considerably lower than the
nitrogen uptake of 1.89% in open field conditions (Table 3). A high temperature above the optimum
point (21-26 °C) (Nedunchezhiyan et al., 2012), can limit photosynthesis and photosynthetic
potentials (Taub et al., 2000; Crafts-Brandner and Salvucci, 2002; Wollenweber et al., 2003; Ristic
et al., 2009). On the other hand, deterioration will be accelerated when leaves eventually become
older, subsequently decreasing photosynthetic activity (He et al., 2002; Plaut et al., 2004). The lack
of photosynthetic capacity at elevated temperature is attributed to enhanced leaf deterioration (Jiang
et al., 1999; Mohanty, 2003). The mature leaves of maize crops have low nitrogen matter compared
to the younger leaves, suggesting that old leaves deteriorate more profoundly (He et al., 2002), as
verified by the present research. Compared with older tobacco crops, chlorophyll fluorescence
imaging conducted on younger plants showed a higher photosynthetic ability at the plant level
(Lefebvre et al., 2005).

The nitrogen content in the sweet potato leaves varied from 1.06% under the control
treatment in greenhouse conditions to 1.93% for the mungbean residue treatment in open field
conditions (Table 3). The nitrogen concentration in the sweet potato leaves under different
treatments in decreasing order was mungbean residue in open field > control in the open field >
mungbean residue in the greenhouse > control in the greenhouse. These results were consistent with
the hypothesis that the characteristics of the site and/or the weather reduce the availability of
nitrogen from green manure residues (Plotkin, 2000). These results were consistent with the amount
of above ground biomass of sweet potato produced using mungbean residue because the soil that
was incorporated with mungbean residue gave the highest above ground biomass of sweet potato,
and the greater amount of plant nutrients in these residues might have had a subsequent result on the
sweet potato plants that were grown after that.

Effect of mungbean residue, different growth conditions and interaction between them on
phosphorous content in sweet potato leaves

The results of phosphorous content in sweet potato plants grown under different treatments
are presented in Table 4. Phosphorus content in leaves of sweet potato was not affected in both
conditions, treatments of mungbean residue and interaction among them. These results, differing
from that of Khan et al. (2010) proved that the highest P consumption by the wheat leaves was
found in the green manure processing, while the lowest P consumption was measured in the control
treatment.
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Table (4) Effect of mungbean residue on phosphorous content in sweet potato leaves

Treatments () Mean
Open field Greenhouse
Control 0.27 a 0.26 a 0.265 a
Mungbean residue 0.31a 0.26 a 0.285a
Mean 0.29 a 0.26 a

* Different alphabets in the same column show significant difference using Duncan’s Multiple Range test
(P<0.05) and average was calculated from four replicates
Effect of mungbean residue, different growth conditions and interaction between them on
potassium content in sweet potato leaves
Mungbean residue application had no impact on potassium content in leaves of sweet potato
compared with control (Table 5).

Table (5) Effect of mungbean residue on potassium content in sweet potato leaves

(%)
Treatments . Mean
Open field Greenhouse
Control 297 a 2.35b 2.66 a
Mungbean residue 2.75a 2.77 a 2.76 a
Mean 2.86a 2.56 b

* Different alphabets in the same column show significant difference using Duncan’s Multiple Range test
(P<0.05) and average was calculated from four replicates

A higher content of potassium in sweet potato leaves was obtained from the sweet potato plants in
the open field compared to the plants in the greenhouse (Table 5). Hood and Mills (1994) found that
the use of K by snapdragon (Antirrhinum majus L.) plants improved as root area temperature was
raised from 8°C to 29°C, but absorption of K decreased as root area temperature was raised from
29°C to 36°C.
The effect of the mungbean residue on the potassium content in the sweet potato leaves was
significant in both conditions (Table 5). The effect of the control treatment on the potassium content
was also significant in the open field conditions, while the control treatment gave the lowest
potassium content of 2.35% under greenhouse conditions. The accumulation of nutrient stores
enables the plant to grow when water, temperature, and radiation are most favorable for growth and
buffers the plant from day-to-day dependence upon available soil nutrients (WJeffrey, 1964). Also,
Plants adapted to other stresses such as drought, salinity, shade, and low temperature also grow
slowly and share many of the basic characteristics of plants adapted to infertile soils, reinforcing the
concept of interdependent physiological characteristics constituting a stress-tolerant adaptive
strategy. This is considering that nutrient and shade stress develops concurrently through succession
(Grime, 1977; Chapin and Van Cleve, 1979; Grime, 2006).
Effect of mungbean residue, different growth conditions and interaction between them on
hardness of tuberous root

The mungbean residue, conditions and interactions did not have any impact on the hardness
parameter (Table 6).
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Table (6) Effect of mungbean residue on hardness of tuberous root

2
Treatments _ Kgfem Mean
Open field Greenhouse
Control 14.49 a 14.41 a 14.45 a
Mungbean residue 13.94a 1551 a 14.72 a
Mean 1421 a 1496 a

* Different alphabets in the same column show significant difference using Duncan’s Multiple Range test
(P<0.05) and average was calculated from four replicates

Effect of mungbean residue, different growth conditions and interaction between them on
protein content in tuberous roots

The protein content in the tuberous roots of sweet potato increased to more than 16.9% on
average in the plants cultivated in mungbean residue compared to the control treatment (Table 7).
These results suggested that the protein content in tuberous roots of sweet potato was significantly
dependent on the nitrogen content in the mungbean residue (Tables 1 and 3). These results were in
agreement with the findings by Maiksteniene and Arlauskiene (2004).

Table (7) Effect of mungbean residue on protein content in tuberous roots

Treatments (%) Mean
Open field Greenhouse
Control 1.95¢c 2.32b 2.13 b
Mungbean residue 2.42 ab 2.57a 249 a
Mean 2.18a 244 a

* Different alphabets in the same column show significant difference using Duncan’s Multiple Range test
(P<0.05) and average was calculated from four replicates

The different growth conditions had no effect on the protein content (Table 7).
Generally, the plots treated with mungbean residue had significantly higher protein content than
where mungbean residue treatments were not applied (Table 7). The mungbean residue under
greenhouse condition specifically had liming effect on tuberous roots to the highest protein content
detected on the treatments 2.57%. The large variations in protein content, in addition to genetic
factors and applied cultural practices, these characteristics were also affected by the agroecological
factors of the location. Similar results were obtained by Vidi¢ et al. (2010) and Popovi¢ et al.
(2012). Also, According to Tester et al. (1991) and Savin and Nicolas (1996) stress from high
temperature during grain filling can result in higher protein levels, at least for daily maximum
temperatures above 30 °C. Other stresses, such as shading, could also result in higher protein
contents than expected (Marinissen and Grashoff, 1994; Boonchoo et al., 1998).
Effect of mungbean residue, different growth conditions and interaction between them on
starch content in tuberous roots

The mungbean residue and conditions had no effect on the concentration of starch in the
tuberous roots of sweet potato (Table 8). However, the interactions between them had an effect on
the starch concentration in tuberous roots. The control treatment in the open field tended to produce
a lower amount of starch (51.22%) compared to that produced by the other treatment (Table 8).

Nonetheless, the effects of treatment on starch content were not constant between different
conditions, and some mungbean residue treatment had lower amounts than control. This was
interpreted as a result of the nitrogen in the soil that was released during the decomposition of the
mungbean residue plants. Consequently, the nitrogen content could have enhanced the vegetative
plant growth rather than increased the starch content in tuberous roots (Nakviroj et al., 2002;
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Westerman, 1990). Results show significant increase in starch content in tuberous roots of sweet
potato under greenhouse condition. Probably, incorporation of mungbean residue may have had
little effect on starch content, due to legume residues decompose very quickly when ploughed under
in warm, moist conditions, with Slight effects on soil properties (Tate, 1987).

Table (8) Effect of mungbean residue on starch content in tuberous roots

(%)
Treatments _ Mean
Open field Greenhouse
Control 51.22 ¢ 52.90 a 52.06 a
Mungbean residue 51.77 bc 52.50 ab 52.13a
Mean 51.49a 52.70 a

* Different alphabets in the same column show significant difference using Duncan’s Multiple Range test
(P<0.05) and average was calculated from four replicates

Effect of mungbean residue, different growth conditions and interaction between them on
sugar content in tuberous roots

Table 9 shows that sugar content in tuberous roots of the sweet potato plants under control
treatment was higher than in tuberous roots of the plants in the mungbean residue treatment.
Mungbean residue could have caused excessive discharge of carbon dioxide (CO2) and possibly
nitrate (NO3z") into the soil, causing reduced pH. Surplus N and P present in the soil and acidity
could lead to nutrient disproportion in sweet potato which results in the reduction in the
consumption of certain nutrients (Eghball, 2002; Obi and Akinsola, 1995). Hence, it was observed
in this research that percentage of sugar in sweet potato was decreased in mungbean residue. This
outcome disagrees with (Caceres and Alcarde, 1995) who found an average increase of sugar due to
green manure crops grown before sugarcane.

Table (9) Effect of mungbean residue on sugar content in tuberous roots.

(%)
Treatments _ Mean
Open field Greenhouse
Control 18.95b 20.92 a 19.93a
Mungbean residue 17.32b 1752 b 17.42b
Mean 18.13 b 19.22 a

* Different alphabets in the same column show significant difference using Duncan’s Multiple Range test
(P<0.05) and average was calculated from four replicates.

During sweet potato harvest, increases in sugar concentration was observed in tuberous
roots of plant planted under greenhouse condition more than tuberous roots of plant planted under
open field condition (Table 9). Ravi et al. (2009) suggested that low storage root yield could be
attributed to the lack of sucrose translocation and starch synthesis under different conditions. Both
air and soil temperature regulate the competition between shoot and storage root growth in sweet
potato. Likewise, Kocsis et al. (2008) and Badea and Basu (2009) found that high temperatures
increased sugar content.

The control plants cultivated under greenhouse condition had the highest sugar content,
while the plants cultivated in mungbean residue under open field conditions had the lowest value
(Table 9). No differences were observed among the plants subjected to the control treatment in the
open field and the mungbean residue treatment in both greenhouse and open field. The negative
relationship between N-supply and fruit sugar contents could be supported by the results obtained
by El -Shal et al. (1993) and Ghoneim et al. (2003), who stated that the higher N application
produced fruits with lower sugars content. The opposing ramifications of N on sugar content could
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be credited to the fact that under high N amount, greater content of carbohydrates possibly directed
and used in maintaining strong vegetative growth and a small proportion may be used to supply the
developing fruits with adequate carbohydrates.
CONCLUSIONS

In this study, mungbean residue, different conditions and interaction between them had
different effects on quality parameters attributes. While mungbean residue gave the highest effect
on nitrogen content in leaves and protein content in tuberous roots, it did not effect on phosphorous
and potassium contents in leaves, hardness of tuberous roots and starch content in tuberous roots.
However, mungbean residue adversely affected sugar content in tuberous roots. Nitrogen content in
leaves and potassium content in leaves increased significantly when the temperature increased from
26.6°C to 27.7°C (under open field condition) when compared when the temperature increased from
30.53°C to 31.9°C (under greenhouse condition). There was no significant different between
conditions of open field and green house in phosphorous content in leaves, protein content in
tuberous roots and starch content in tuberous roots. On the contrary, sugar content in the tuberous
roots under greenhouse condition was higher than sugar content under open field condition.
Mungbean residue under open field gave highest nitrogen content in leaves, while under greenhouse
condition gave highest protein content in tuberous roots, whereas control treatment under
greenhouse condition gave significant increment in starch and sugar contents.
REFERENCES

AOAC. (2005). Official Methods of Analysis, 18th Edition. Published by Association of
Official Analytical Chemists, USA.

Asiamah, R. (1998). Soils and soil suitability of Ashanti region. Soil Research Institute-Council
for Scientific, Ghana.

Badaruddin, M., and Meyer, D. (1990). Green-manure legume effects on soil nitrogen, grain
yield, and nitrogen nutrition of wheat. Crop Science, 30(4), 819-825.

Badea, C., and Basu, S. K. (2009). The effect of low temperature on metabolism of membrane
lipids in plants and associated gene expression. Plant Omics, 2(2), 78.

Boonchoo, S., Fukai, S., and Hetherington, S. E. (1998). Barley yield and grain protein
concentration as affected by assimilate and nitrogen availability. Crop and Pasture
Science, 49(4), 695-706.

Caceres, N. T., and Alcarde, J. C. (1995). Green manuring with leguminous in rotation with
sugar cane (Saccharum ssp). STAB(13), 16-20.

Chapin, F., and Van Cleve, K. (1979). In fire regimes and ecosystem processes, ed. HA
Mooney, TM Bonnickson, NL Christensen, JE Lotan, WA Reiners. Washington: USDA
Forest Service, General Technical Reports.

Crafts-Brandner, S. J., and Salvucci, M. E. (2002). Sensitivity of photosynthesis in a C4 plant,
maize, to heat stress. Plant Physiology, 129(4), 1773-1780.

Eghball, B. (2002). Soil properties as influenced by phosphorus-and nitrogen-based manure and
compost applications. Agronomy Journal, 94(1), 128-135.

El-Shal, M. A., Moussa, A. G., Hussein, A. M., and Ghoneim, I. M. (1993). Physiological
changes of strawberry fruit contents. Minia Conference of Horticulture Crops(15), 189-
200.

Epstein, E. (1972). Mineral nutrition of plants: principles and perspectives. Journal of Plant
Nutrition and Soil Science, 132(2), 81-176.

Ghoneim, I. M., El-Araby, S. M., Shehata, A. I., and Mohamed, R. A. (2003). Effects of
nitrogen, organic manure and biofertilizer applications on strawberry plants Il yield and
fruit quality. Journal of Agricultural and Environmental Science, Alexandria University,
Egypt, 2(2), 63-87.

Griffin, T., and Hesterman, O. (1991). Potato response to legume and fertilizer nitrogen sources.
Agronomy Journal, 83(6), 1004-1012.

66



Z., et al./ Tikrit Journal for Agricultural Sciences (2021) 21 (3):59-69

Grime, J. P. (1977). Evidence for the existence of three primary strategies in plants and its
relevance to ecological and evolutionary theory. The American Naturalist, 111(982),
1169-1194.

Grime, J. P. (2006). Plant strategies, vegetation processes, and ecosystem properties: 2nd Ed,
John Wiley and Sons, Chichester, UK, August 11, 2006.

Hartemink, A. E., Janssen, B., Buresh, R., and Jama, B. (1996). Soil nitrate and water dynamics
in Sesbania fallows, weed fallows, and maize. Soil Science Society of America Journal,
60(2), 568-574.

He, P., Osaki, M., Takebe, M., and Shinano, T. (2002). Changes of photosynthetic
characteristics in relation to leaf senescence in two maize hybrids with different
senescent appearance. Photosynthetica, 40(4), 547-552.

Hood, T. M., and Mills, H. A. (1994). Root-zone temperature affects nutrient uptake and growth
of snapdragon. Journal of Plant Nutrition, 17(2-3), 279-291.

Hopkins, J. (1968). Protein content of western Canadian hard red spring wheat in relation to
some environmental factors. Agricultural Meteorology, 5(6), 411-431.

Jiang, C. Z., Ishihara, K., Satoh, K., and Katoh, S. (1999). Loss of the photosynthetic capacity
and proteins in senescing leaves at top positions of two cultivars of rice in relation to the
source capacities of the leaves for carbon and nitrogen. Plant and Cell Physiology,
40(5), 496-503.

Khan, Q., Khan, M., and Rehman, S. (2010). Dhaincha, an effective amendment in improving
salt affected soils and enhancing P efficiency in rice-wheat cropping system. Sarhad
Journal of Agriculture, 26(1), 37-42.

Kocsis, L., Kaul, H., Praznik, W., and Liebhard, P. (2008). Influence of harvest date on tuber
growth, tuber dry matter content, inulin and sugar yield of different Jerusalem artichoke
(Helianthus tuberosus L.) cultivars in the semiarid production area of Austria. German
Journal of Agronomy, 12, 8-21.

Lefebvre, S., Lawson, T., Fryer, M., Zakhleniuk, O. V., Lloyd, J. C., and Raines, C. A. (2005).
Increased sedoheptulose-1,7-bisphosphatase activity in transgenic tobacco plants
stimulates photosynthesis and growth from an early stage in development. Plant
Physiology, 138(1), 451-460.

MacDicken, K. G. (1994). Selection and management of nitrogen-fixing trees: Winrock
International Institute for Agricultural Development, Morrilton, Arkansas, USA.

Mahdi, S. S., Hassan, G., Samoon, S., Rather, H., Dar, S. A., and Zehra, B. (2010). Bio-
fertilizers in organic agriculture. Journal of Phytology, 2(10), 42-54.

Mahler, R., and Hermamda, H. (1993). Evaluation of the nitrogen fertilizer value of plant
materials to spring wheat production. Agronomy Journal, 85(2), 305-309.

Maiksteniene, S., and Arlauskiene, A. (2004). Effect of preceding crops and green manure on
the fertility of clay loam soil. Agronomy Research, 2(1), 87-97.

Marinissen, M. J. and Grashoff, C. (1994). Effect of nitrogen supply and shading on growth,
kernel filling, size distribution and protein and carbohydrate content in malting barley
(Hordeum vulgare L.). ABDLO Report 9, Wageningen, The Netherlands.

Maroko, J., Buresh, R., and Smithson, P. (1998). Soil nitrogen availability as affected by fallow-
maize systems on two soils in Kenya. Biology and Fertility of Soils, 26(3), 229-234.

Mohanty, N. (2003). Photosynthetic characteristics and enzymatic antioxidant capacity of flag
leaf and the grain yield in two cultivars of Triticum aestivum (L.) exposed to warmer
growth conditions. Journal of plant physiology, 160(1), 71-74.

Nakviroj, C., Paisancharoen, K., Boonseng, O., Wongwiwatchai, C., and Roongruang, S.
(2002). Cassava long-term fertility experiments in Thailand. Paper presented at the
Cassava Research and Development in Asia: Exploring New Opportunities for an
Ancient Crop. Proc. 7th Regional Workshop, held in Bangkok, Thailand.

67



Z., et al./ Tikrit Journal for Agricultural Sciences (2021) 21 (3):59-69

Nedunchezhiyan, M., Byju, G., and Jata, S. K. (2012). Sweet Potato agronomy, Fruit, Vegetable
and Cereal Science and Biotechnology. Global Science Books, 6, 1-10.

Obi, O., and Akinsola, A. (1995). The effect of lime application on the yield of tomato and
chemical properties of an Iwo soil in southwestern Nigeria. Nigerian Journal of Soil
Science, 11, 77-78.

Plaut, Z., Butow, B., Blumenthal, C., and Wrigley, C. (2004). Transport of dry matter into
developing wheat kernels and its contribution to grain yield under post-anthesis water
deficit and elevated temperature. Field Crops Research, 86(2), 185-198.

Plotkin, J. M. B. (2000). The effects of green manure rotation crops on soils and potato yield
and quality. Master Tehsis, The Graduate School, University of Maine, USA.

Popovi¢, V., Vidi¢, M., Tati¢, M., Jaksi¢, S., and Kosti¢, M. (2012). The effect of cultivar and
year on yield and quality components in soybean. Ratarstvo | Povrtarstvo, 49(1), 132-
139.

Ravi, V., Naskar, S., Makeshkumar, T., Babu, B., and Krishnan, B. P. (2009). Molecular
physiology of storage root formation and development in sweet potato (Ipomoea batatas
(L.) Lam.). Journal of Root Crops, 35(1), 1-27.

Ristic, Z., Momcilovié, 1., Bukovnik, U., Prasad, P. V., Fu, J., DeRidder, B. P., and Mladenov,
N. (2009). Rubisco activase and wheat productivity under heat-stress conditions.
Journal of Experimental Botany, 60(14), 4003-4014.

Savin, R., and Nicolas, M. E. (1996). Effects of short periods of drought and high temperature
on grain growth and starch accumulation of two malting barley cultivars. Functional
Plant Biology, 23(2), 201-210.

SAS Institute. (2002) SAS/STAT user’s guide. Version 9, ed. SAS Institute Inc., Cary, NC,
USA.

Tate, R. L. (1987). Soil organic matter. Biological and ecological effects. Taub, D. R., Seemann,
J. R., and Coleman, J. S. (2000). Growth in elevated CO2 protects photosynthesis
against high-temperature damage. Plant, Cell and Environment, 23(6), 649-656.

Taub, D. R., Seemann, J. R., and Coleman, J. S. (2000). Growth in elevated CO2 protects
photosynthesis against high-temperature damage. Plant, Cell and Environment, 23(6),
649-656.

Tester, R., South, J., Morrison, W., and Ellis, R. (1991). The effects of ambient temperature
during the grain-filling period on the composition and properties of starch from four
barley genotypes. Journal of Cereal Science, 13(2), 113-127.

van Cingel, E. H. (1992). Nitrogen equivalence of rotation crops and its effect on potato yield
and tuber maturation. MS Thesis, University of Maine, USA.

Vidi¢, M., Hrusti¢, M., Miladinovi¢, J., Bukié, V., Pordevi¢, V., and Popovi¢, V. (2010). Latest
NS varieties of soybean. Ratarstvo | Povrtarstvo, 47(1), 347-355.

Westerman, R. L. (1990). Soil Testing and Plant Analysis. 3rd ed. American Society of
Agronomy and Soil Science Society of America. Madison, WI, USA, 784. Wild, A.
(1993). Soils and the Environment: Cambridge University Press.

Wleffrey, D. (1964). The formation of polyphosphate in Banksia ornata, an Australian health
plant. Australian Journal of Biological Sciences, 17(4), 845-854.

Wollenweber, B., Porter, J., and Schellberg, J. (2003). Lack of interaction between extreme high
temperature events at vegetative and reproductive growth stages in wheat. Journal of
Agronomy and Crop Science, 189(3), 142-150.

68



Z., et al./ Tikrit Journal for Agricultural Sciences (2021) 21 (3):59-69

3 slad) Ualhall 4o gil) aibuadd) Gy o el i) |3, puad) dlans (hlal) LGy aladiad

g ) (315 1o *rcla g b s Ol S Qs
Gyl ¢l C)—AA S S Al cde ) 1 AS ¢ ghlasd) i g dxieal) e.mg*

L albe ¢ Gl o ¢ b zilal 02100 ¢l o dmalas cAusnigll L 51 535 408 H%

AadAl)

Jpanall doe ¢ Gt g 400020 jualiall 30l ) ) 4 il 8 adY aleddl TR (55
o))l Lia o) S dgamae il ity Glagl) Aasa 8 Ailue e cy el Jul
(Vigna (Uil Wiy suad¥) slewdl ils 48 pral Ldle cpal 0 daala cdalaiosl)
Jiall Laa (b pla a3 glal) Ualladl) doe o) cliiall any leradiata L)
A skl UWalladl 6 4o ol clacall o clebeall lalise 1,80 @llia of 2l
72495 7.1.64) <Ll (A oy Al g GlosY) B Gans i g sine Slel o Bl
& 719.93 Aty S s gina el Jinnd o3 b (i) WG Alalae (Vs e
Cinaa gl g Ll (5 ginag Sl Adla s BV B a sl g sl (5 gina S
daall oyl cand Ualall (31 )5l (8 o sanslisall g Gan s il (8 & gina 3245 il
gkt Sl sgine b Aysine 3L @l il a0 4al (e oz siddll
458Kl Ao )3l G st (38 ol ln oSy Al A3 gl iy dsesd) del )
Lay il b Ll s ginas o3l s¥) (8 ) siudll (5 sinn (oo S (8 Al
Ll dlalaa 3 el 31 6¥) (8 Cpm s i) (6 gine QS a8 Jalaill dpnally Wl 4,0l
Cagola coat ikl L Aldlas Cubael Ly oo o€l Jaall Cagyla cand (il
i Gy 6 A COlbrally A jlie D3l A iy s (5 sina el dgendl) de) )0
Cag b a4 i) Alalea 8 bl (A Sl 5 Ll (e (5 sine e e saanll

(s e 720.92 5 7.52.90) daesall A2 ) 30

69

Aalidal) cilals)
¢S ¢l gy el yall s
ad Y alad) ¢ il



