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Preface

We present before you the first issue of the eighth volume of the Nile Journal of Agricultural
Sciences. We at the University of the Nile Valley decided to foreword valued materials that
cover a wide range of  agricultural sciences and topics which discuss solutions for emerging
problems, and this will remain from our ultimate target in editing these issues.

We extend our thanks to everyone who contribute by writing for the journal, and we hope that
we will be in match to their expectations of good proofreading and rapid publication that meets
everyone's aspiration

In the last four years, conditions that everyone knows, that have been imposed on our world,
disturbing the well-known balance of equation between production costs and product selling
prices in domestic and international markets, and our country was no exception. These
conditions are worsened in our country due to the prevailing political instability, which charge
farmers considerable losses in their crop revenues, due to high production costs firstly and
economic stagnation secondly, in a country with limited capabilities in value addition and
rational ways of crop storage.

We are in need to valuable researches to deal with issues of adding value and perfect storing of
agricultural crops, in addition to the fact that the state and farmers are looking for new
mechanisms and approaches for marketing agricultural production, and this will always remain a
challenge facing big firms as well as small producers.

This will be an invitation for readers to enjoy some interesting writing on such issues in this and
other soon proceeding issues of the journal.
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ABSTRACT

The objectives of this study were to assess the effect of temperature on seed yield and agro-
morphological traits as well as correlation and path analysis in 48 chickpea genotypes grown
under normal and late sowing conditions in two locations (Merowe and Gezira) during 2018/ 19.
The forty eight genotypes comprised released varieties as checks and lines from ICARDA. The
study was carried out in alpha lattice design with three replications. Analysis of variance showed
that differences among genotypes, sowing dates, locations and their first order interaction were
highly significant (P < 0.01) for the most studied traits. Under both environments, the correlation
studies revealed that seed yield was positively and highly significantly correlated with 100 — seed
weight, biomass, harvest index and seed yield per plant. The path analysis confirmed that the
biomass followed by harvest index, seed yield per plant, 100 - seed weight, seed yield per plant,
number of seeds per pod and number of pods per plant had the maximum positive direct influence
on seed yield under heat stress and non- heat stress conditions. It was concluded that biomass,
harvest index, 100 — seed weight and seed yield per plant can be good selection criteria for
improving seed yield in chickpea under heat stress and non - heat stress conditions in Gezira and
Northern states of Sudan.

Key words: Chickpea, correlation, heat stress, late sowing, path analysis, seed yield, traits.
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Introduction

Chickpea (Cicer arietinum L.) has been the second most important edible legume plant grown
worldwide. It has an important role in meeting the protein needs of people in undeveloped
countries, especially where the income imbalance is experienced (Bozoglu and Ozcelik, 2005). In
Sudan, chickpea is an important cash crop which faces strong competition with the other winter
legumes, mainly faba bean, in its traditional area of production in Northern Sudan. Chickpea is
also grown successfully in Hawata area in eastern Sudan and Jebel Marra in western Sudan (Faki
et al., 1992; Sheikh Mohamed, 1991). In recent years, chickpea area has increased steadily in
central Sudan, especially in the Gezira scheme and in New Halfa (Eastern Sudan). The growing
season is restricted to a short period of time by the high temperatures prevailing at the beginning

and at the end of the season (Amel et al., 2015). The chickpea yields in Sudan vary from 0.83 to
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2.8 t/ha, depending on weather conditions (Ahmed, 1996). Temperature is one of the most
constraints in the main chickpea production areas in Sudan.

Chickpea productivity is constrained by several biotic and abiotic stresses (Gaur et al., 2008) and
temperature is one of the most important determinants of crop growth over a range of
environments (Summerfield et al., 1990) and may limit chickpea yield (Basu et al., 2009).
Chickpea reproductive stages (flowering and podding) are vulnerable to external environmental
changes and heat stress (Krishnamurthy et al., 2011). Frequent decreases in the yields of chickpea
seed were observed when plants were exposed to high temperatures (> 350C) at flowering and
pod development stages (Wang et al., 2006).

Yaqoob et al. (1990), studied correlation among 6 yield components in 12 genotypes of chickpea,
reported that correlation between seed yield and days to maturity was negative. Eser et al., (1991)
recorded strong associations between seed yield per unit area and harvest index, 100 - seed weight
and seed per plant in chickpea. Jahhar and Mane (1991) reported that the correlation was
significant between chickpea seed yield and all yield studied parameters, except plant height.
Ciftci et al., (2004) stated that positive and significant correlations were found among seed yield
and plant height, number of branch, number of pods per plant, harvest index and number of seeds
per plant. Ozveren et al. (2006) reported that, seed yield per plant was positively and significantly
correlated with plant height, first pod height, total pod number, full pod number, and seed number
and improving these traits may leads increase seed yield per plant.

Singh et al. (1990) reported that correlation and path coefficient analysis showed that biological
yield and harvest index were the major direct contributors to seed yield.

To date, limited genetic resources for heat stress tolerance in chickpea have been reported
(Devasirvatham et al., 2013; Jha et al., 2015). Heat tolerant varieties/cultivars are needed for
improving chickpea yields in warm season environments and late sowing conditions especially in
central Sudan (Gezira State), to expand its cultivation to new areas and improving its resilience to
the impacts of climate change. The genetic variability present in the base population for desired
characters plays an important role in developing improved chickpea genotypes. Less information
is available on chickpea genotypes tolerant to heat stress under Sudan conditions. Hence the
objectives of this study were to assess the correlation and path analysis of yield and agro-
morphological traits among the chickpea genotypes under non — heat stress and heat stress

conditions.
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Materials and Methods

Description of the study areas

Two experiments were carried out for consecutive winter season 2018 and 2019 at two locations
in Gezira Research Station Farm (GRSF) of the Agricultural Research Corporation (ARC), Wad
Medani, Sudan. Gezira Research Station Farm is located in the central clay plain of the Sudan at
latitude of 14° 24' N, longitude of 33° 29' E and elevation of 407 meters above sea level. The soil
of the Gezira Research Farm is heavy, alkaline, cracking clay (clay 58%, pH 8.3, organic matter
0.02, nitrogen 0.25, phosphorus 0.06 and potash 3.0%). The other location at farmers’ field in the
Northern state of Sudan, Merowe locality (latitude: 18° 27' 0" N, longitude: 31° 49' 59" E,

elevation: 258 meters).

Plant materials

Forty three chickpea genotypes were selected from advanced materials of the national chickpea
breeding program. In addition, five improved released chickpea cultivars namely (Shiekh
Mohamed, Merowe, Wad Hamid, Salwa and Hwata) were included as checks (Table 1).

Table (1). Accession No. and Origin of 48 Chickpea Genotypes Used in the Study

No Accession No. Origin No | Accession Origin
No.
1 FLIP09-181C ICARDA 30 22204 ICARDA
2 LIP09-179C ICARDA 31 22272 ICARDA
3 FLIP09-184C ICARDA 32 222389 ICARDA
4 FLIPO9 — 155 C ICARDA 33 222303 ICARDA
5 FLIP09 — 438 C ICARDA 34 222242 ICARDA
6 FLIP09 - 261 C ICARDA 35 22373 ICARDA
I FLIP 07 -236C ICARDA 36 22206 ICARDA
8 FLIP 09 —259 C ICARDA 37 22384 ICARDA
9 FLIPO8 — 86 C ICARDA 38 22341 ICARDA
10 FLIPO9 -6 C ICARDA 39 22302 ICARDA
11 FLIP 08-59 C ICARDA 40 22260 ICARDA
12 FLIP 09-182 C ICARDA 41 22266 ICARDA
13 FLIP 09-187 C ICARDA 42 22392 ICARDA
14 FLIP0O9 —240C ICARDA 43 22261 ICARDA
15 22330 ICARDA 44 Shiekh Released commercial cultivar
Mohamed
16 22304 ICARDA 45 Merowe Released commercial cultivar
17 22317 ICARDA 46 | Wad Hamid | Released commercial cultivar
18 22233 ICARDA 47 Salwa Released commercial cultivar
19 22278 ICARDA 48 Hwata Released commercial cultivar
20 22267 ICARDA
21 22232 ICARDA
22 22223 ICARDA
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23 22235 ICARDA
24 22366 ICARDA
25 22293 ICARDA
26 22380 ICARDA
27 22362 ICARDA
28 22254 ICARDA
29 22335 ICARDA

Experimental Design and Field Managements

In each location, the experiments were arranged in 12 x 4 alpha lattice design (incomplete design)
with three replications. Each replicate consisted of twelve incomplete blocks and four plots in
each block. The field was prepared in disc ploughed, disc harrowed, leveled then ridged (60 cm).
Each genotype was sown in a separate plot which consisted of one ridge; each ridge was 4 m
long. Seeds were sown in holes along the top of the ridge at a rate of two seeds per hole 0.1 m
apart. Temperature stress was induced by manipulation of the sowing dates, normal and late
(second week of November and first week of December, respectively) were used during both
seasons. The experiments were irrigated every 12 to 14 days to avoid any water stress. The crop
took a total of 11 irrigations during the growing period. A starter dose of nitrogen in the form of
urea was applied at a rate of 43 kg N/ha with the third irrigation. The experiments were kept
weed-free by hand weeding twice at early stages of crop cycle. Seed yield was assessed from a net
area of 2.4 m2. Monthly maximum, minimum and mean temperatures during the cropping season
2018/19 for the two locations obtained from the Karima and Gezira metrological stations (Fig.1
and 2).

Measurements of growth and yield parameters

In two locations, the data of phonological and agronomical traits were collected during the growth
period of the crop. In each plot, five individual plants were randomly selected for most of traits,
and values for each trait were calculated as an average. The data were recorded on days to 50%
flowering, days to 90% physiological maturity, plant height (cm), number of pods per plant,
number of seeds per plant, number of seeds per pod, 100 - seed weight (g), seed yield per plant
(9) and biomass (t ha™). The harvest index (%) was calculated as (seed yield / total shoot dry
weight) x 100. Seed yield (t ha) was determine by harvested the four meter length in each plot
for yield. Weighed using electronic balance and then seed yield per plot was converted to seed
yield in (t hal).

Statistical analysis
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The data were subjected to combined analysis of variance using the GenStat 12" edition statistical
analysis package for windows (2009) to test the level of significance among the genotypes for
different traits under study. Under normal and late sowing conditions simple correlation
coefficients among all traits were calculated based on the overall means of genotypes. The
correlation coefficients were estimated according to the formulae given by Al-Jibouri et al.,
(1958). Path analysis to estimate the direct and indirect contributions of some traits to seed yield

(t ha'l) was also conducted using the method described by Dewey and Lu (1959).
Results and Discussion

Combined analysis of variance
The combined analysis of variance for studied traits under normal sown (non- heat stress) and late

sown (heat stress) were presented in Table 2. Combined analysis of variance showed highly
significant difference (P < 0.001) among genotypes, locations, and sowing dates and their
interactions for the most studied traits. This variation can be exploited for selection of heat
tolerant chickpea genotypes. These results were similar to Jeena et al. (2005) who reported high
amount of genetic variation for number of pods per plant, 100-seed weight and seed yield. The
interaction between the genotypes and locations were not significant for days to 50% flowering
indicating that the performance of the genotypes with respect to this trait was consistent across
locations.

Seed yield performance

The mean seed yield of early sowing (non — heat stress) was about two times greater than that of
late sowing (heat stress). Under non — heat stress, entry no. 1 (FLIP 09 — 181 C) out - yielded all
genotypes, in particular, the four checks cultivars (Wad Hamid, Shiekh Mohamed, Salwa and
Hwata) by about 34.3, 23.1, 10.6 and 10.1%, respectively (Table 3). The results also, showed that
under heat stress, entry no. 11 out - yielded the five chickpea commercial cultivars Merowe,
Shiekh Mohamed, Hwata, Wad Hamid and Salwa by 30.1, 17.4, 9.5, 6.7 and 4.7%, respectively.
Based on seed yield under the heat stress the entries no. 11, 4, 30, 34 and 43 were relatively more
adapted to heat and exceeded cultivar Merowe in seed yield (Table 3). Seed yield was reduced at
the late sowing date (heat stress) which may be reasonably explained by the relatively high
temperatures prevailing during fertilization and pod setting stage.

Correlation coefficient analysis
Normal sowing (non- heat stress)
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Under non — heat stress conditions, simple correlation coefficients were calculated based on
means averaged over the two locations (Table 4). The character 100 - seed weight recorded
positive and highly significant correlation with seed yield (r = 0.4119**). This result is in
agreement with that of Shara (2019). The highest positive relationship was observed between seed
yield and harvest index (r = 0.4214**). This result was in agreement with those of Erman et al.,
(1997) and Ciftci et al., (2004). Seed yield showed highly positive significant correlation with
plant height (r = 0.3107*) and biomass yield (r = 0.3565*), while days to 50% flowering (-
0.4127**) and days to 90% maturity (-0.3401*) demonstrated highly negative significant
correlation with seed yield. These results agreed with those of many workers (i.e. Amare et al.,
2020; Fatih and Amel, 2018).

Highly significantly positive association was consistently observed between days to 50 %
flowering and days to 90% maturity indicating that early flowering may lead to early maturity.
These results are in agreement with those of Dasgupta et al. (1992).

Plant height exhibited positive and highly significant correlation with the 100 — seed weight, seed
yield per plant, but it was correlated negatively and significantly with days to 50% flowering,
number of seeds per plant and number of seeds per pod (Table 4).

The number of seeds per pod recorded positi ve and highly significant correlation with days to
50% flowering, number of seeds per plant and harvest index but it was correlated negatively with
plant height, number of seeds per plant and 100 - seed weight.

The biomass showed significantly positive correlation with the seed yield t hal, seed yield per
plant and negative correlation with other characters. The number of pods per plant has positive
and non-significant correlation with days to 50% flowering, days to 90% maturity, number of
seeds per pod, biomass and seed yield t ha-1, but it has negative and highly significant correlation
with 100 — seed weight (Table 4).

The seed yield per plant was positively and significantly correlated with plant height, number of
pods per plant, 100 — seed weight and seed yield t hal, but it has significant negative correlation
with days to 90% maturity. These results agreed with the findings reported by Muhammd et al.,
(2002).

Harvest index has positive and significant correlation with number of seeds per pod, 100 — seed

weight, seed yield per plant and seed yield t hal. On the other hand, it has negative but non-
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significant correlation with number of pods per plant, number of seeds per plant and biomas;
(Table 4).

100 -seed weight had a highly significant negative correlation with the number of pod per plant,

number of seeds per pod and number of seeds per plant. This negative correlation indicates a
compensatory relationship between them. These results are in close conformity to the findings of
Banik et al. (2017) and Shafique et al. (2016).

Seed yield per plant exhibited significant and positive correlation with biomass, number of pods
per plant, harvest index and 100 -seed weight. These results were in conformity with those of
Vaghela et al. (2009).

Late sowing (heat stress)

Under late sowing (heat stress conditions), the simple correlation coefficients were determined
between characters investigated based on mean values averaged over of the two locations (Table
5). Such, correlations help breeders to identify the characters that could be used as selection

criteria in breeding program. The results indicate that seed yield t ha1 is positively and highly
significantly correlated with biomass, seed yield per plant, harvest index, number of pods per
plant and 100 — seed weight ( r = 0.7498***, r = 0.7021***, r = 0.6793***, r = 0.6729*** and r
= 0.2856*, respectively). The high positive correlation coefficient indicates that selection based
on biomass, seed yield per plant, number of pods per plant, harvest index and 100 — seed weigh
have an equal contribution towards increasing the seed yield in chickpea under heat stress

condition. These results are in close agreement with those reported by Tesfamichael et al. (2015).

The 100 — seed weight was positively and significantly correlated with seed yield t hal. This result

was comparable to that obtained by Khan et al. (1989). On the other hand, there was negative and

significant correlation between seed yield t ha1 and days to 50% flowering (Table 5). This result is
in agreement with the results of Singh et al. (2001) and Singh et al. (2017) who reported
significant negative association between seed yield and days to 50% flowering.

Number of pods per plant has positive highly significant correlation with number of seeds per
plant (r = 0.9396***), seed vyield per plant (r = 0.7703***), harvest index (r = 0.5463***) and
biomass (r = 0.3753**). Days to 50% flowering showed considerable negative and significant
correlation with all the traits studied except days to 90% maturity. Number of seeds per plant had
positive and significant correlation with number of pods per plant, seed yield per plant, harvest
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index and biomass, while it was negatively correlated with days to 50% flowering, days to 90%
maturity and plant height. There was a negative correlation observed between harvest index and
days to 50% flowering, days to 90% maturity, plant height and number of seeds per pod. There
was a positive and significant correlation observed between seed yield per plant and number of
pods per plant, number of seeds per plant and 100 — seed weight (Table 5). 100 —seed weight was
negatively correlated with all traits except plant height and seed yield per plant. Biomass had a
positive correlation with days to 90% maturity, plant height, number of pods per plant, number of
seeds per pod, harvest index and 100 — seed weight.

Plant height showed positive and highly significant correlation with 100 - seed weight and seed
yield per plant, while it was negatively correlated with number of pods per plant. Similar findings
have been reported by Tejashwini et al. (2018).

Path coefficient analysis

Normal sowing (non- heat stress)

Table 6 shows path coefficient analysis under non— heat stress for eleven characters in chickpea
based on data combined over two locations. Path coefficient analysis using seed yield as
dependent variable and days to 50% flowering, days to 90% maturity, plant height, number of
pods per plant, number of seeds per plant, number of seeds per pod, 100 - seed weight, seed yield
per plant, biomass and harvest index as independent variables. Path coefficient analysis showed
that among the ten traits; 100 — seed weight (p.c = 0.7902) followed by number of pods per plant
(p.c= 0.5150), number of seeds per pod (p.c = 0.4652), harvest index (p.c = 0.2906) and biomass
(p.c = 0.21359) had high positive direct influence on seed yield. This result was comparable to
that obtained by Usman et al. (2012) and Jivani et al. (2013). 100 — seed weight had the greatest
direct effect on seed yield (p.c= 0.7902), its indirect effect on seed yield was more positive
through number of pods per plant but negative and low through days to 50% flowering, days to
90% maturity and number of seeds per pod.

The path coefficient analysis revealed that number of seeds per plant (p.c = -0.9080) had
maximum negative direct effect on seed yield. The indirect effects of days to 50% flowering due
to, days to 90% maturity, number of pods per plant, number of seeds per plant and number of
seeds per pod were positive, but due to other characters were negative (Table 6).

The results of correlation and path analysis indicated that 100 — seed weight, harvest index, seed

yield per plant and biomass were the major yield contributing characters as they showed
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positively and highly significant correlation with seed yield and also had highly positive direc?

effects. Thus these four characters could be considered as the most important for selection in
order to improve the seed yield in chickpea under non — heat stress conditions. In addition number
of seeds per plant also affected seed yield indirectly through number of pods per plant.

Late sowing (heat stress)

The direct and indirect effects of different characters on seed yield under heat stress condition are
presented in Table 7. Path coefficients were computed to estimate the contribution of individual
characters to seed yield. According to the path coefficient analysis the harvest index (0.5183),
biomass (0.4545), number of seeds per plant (0.1478), seed yield per plant (0.1285), days to 90%
maturity (0.0964), plant height (0.0673), number of pods per plant (0.0560), number of seeds per
pod (0.0410) and 100 — seed weight (0.0343) had positive direct influence on seed yield (Table 7).
The harvest index recorded highest positive direct effects on seed yield. The main reason for
significant effect of harvest index was due to the close positive correlation of this character with
seed yield (0.6793***). These results indicated that selection for this character may be effective in
the improvement of chickpea seed yield under heat stress condition. The earlier studies for direct
effect on seed yield for harvest index and biological yield were reported by Kuldeep et al. (2014)
and Tadesse et al. (2016). Also these results confirmed those of Agrawal et al. (2018). Other trait
such as days to 50% flowering (-0.1271) had negative direct effect on seed yield. This is in
agreement with the findings of Vartika et al. (2017) and Fatih and Amel (2018).

The indirect effects of plant height due to, 100 — seed weight, seed yield per plant and biomass
were positive, but those due to days to 50% flowering, days to 90% maturity, number of pods per
plant, number of seeds per plant, number of seeds per pod and harvest index were negative. Also
the indirect effects of 100 — seed weight due to all traits were positive except those due to days to
50% flowering, days to 90% maturity and number of seeds per pod which were negative (Table
7). In addition number of pods per plant also affected seed yield indirectly through harvest index.
The estimated residual effect of path analysis was very low (0.07592), indicating that about 99%
of the variability in seed yield was contributed by the traits studied.

Conclusion

The study revealed the existence of significant genetic variability among the tested genotypes for
the different traits. The presence of significant genetic variability among genotypes suggests the

possibility of improving traits through direct and indirect selection.

10
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The genotypes no. 1, 40. 3, 6, 39 and 43 recorded the best average seed yield under non- heat
stress and out-yielded the check, Salwa by 10.6, 10.6, 7.1. 3.5, 2.2 and 1.9%, respectively. On the
other hand, under heat stress, the genotype no. 11 gave the highest seed yield outperforming the
five checks Merowe, Shiekh Mohamed, Hwata, Wad Hamid and Salwa by 30.1%, 17.4%, 9.5%,
6.7% and 4.7%, respectively.

Under heat stress and non — heat stress conditions the negative correlations of the characters days
to 50% flowing and days to 90% maturing with seed yield, indicate that the late maturing
genotypes generally performed better than early maturing genotypes.

Seed yield (t ha-1) was positively and highly significantly correlated with seed yield per plant,
harvest index, 100 — seed weight and biomass (t ha-1). These four traits could be used as potential
selection criteria in breeding programs for developing high yielding chickpea genotypes under
heat stress and non — heat stress conditions.

Path coefficient analysis showed that among the ten causal (independent) traits; the harvest index,
biomass (t ha-1), number of seeds per plant and seed yield per plant had highly positive direct
effects on seed yield. Thus, these traits can be used as criteria in selection for the improvement of
seed yield in chickpea under late sown (heat stress) condition.

Table (2). Mean squares of seed yield (t ha-1), vegetative traits and some yield components
of 48 chickpea genotypes grown under normal sown (non- heat stress) and late sown (heat
stress) and two locations (Gezira and Merowe) during winter season 2018/ 19.

Traits Genotype Sowing date Location Geno. x Geno. x Geno. x
(d.f=47) (df=1) (df=1) Sowing date Location Sowing date
(d.f=47) (d.f=47) x Location
(d.f=47)
Days to flowering | 28453.47*** 205.44* 552.25*** 2596.72** 2006.25n.s 2294.25*
Days to maturity 9020.57*** | 4505.77*** | 30990.67***| 2114.65n.s | 6947.41*** 2023.11n.s
Plant height (cm) 10046.56*** | 9702.25*** | 12904.96***| 2344.96* 2634.07** 1797.08n.s
No. of pods/plant | 104719.0*** | 192512.5***| 237806.6*** | 56051.6*** | 78148.5*** | 59265.7***
No. of seeds/plant| 189515.9*** | 221754.7***| 436623.6***| 91055.7*** | 114613.4***| 77633.1***
No. of seeds/ pod 9.84340*** | 0.70350*** | 3.65606*** | 1.75131n.s 1.95541* 0.86995n.s
100-seed weight (g) | 23581.26*** | 592.11*** | 2525.06*** 593.51n.s 1349.02*** 845.32n.s
Seed yield / plant (g) | 14797.99*** | 16838.31***| 56792.85***| 4999.95*** | 0202.77*** | b5853.38***
Harvest index (%0) | 6390.01*** | 8406.60*** | 6789.07*** | 3674.45*** | 5358.85*** | 3707.94***
Biomass (t ha'l) 646292537***|777473307***|492209298***| 181320100* [442390185***| 280082879***
seed yield (t ha'l) 101288763***|299575518***| 40955733***| 37786491n.s | 47252430* | 31099675n.s

* K%

, ** and *** Significant at the P = 0.05, p = 0.01 and P = 0.001, respectively.
n.s = non - significant.
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Table (3). Seed yield (t ha-1) of 48 chickpea genotypes grown under normal sown (non- hea;

stress) and late sown (heat stress), averaged over two locations.

No. | Normal Late No. Normal Late No. Normal Late
1 3.93 1.52 18 3.00 1.50 35 2.74 1.44
2 2.61 1.36 19 3.45 1.70 36 2.20 1.61
3 3.78 1.32 20 2.18 1.12 37 2.03 0.89
4 3.45 2.12 21 3.16 1.42 38 3.26 1.16
5 3.21 1.75 22 2.55 1.47 39 3.59 1.56
6 3.64 1.30 23 3.04 1.12 40 3.93 1.31
7 2.74 1.37 24 2.88 1.14 41 1.84 0.93
8 2.72 1.05 25 2.90 1.44 42 191 1.07
9 2.82 1.05 26 2.73 1.86 43 3.58 1.99
10 3.45 1.42 27 3.40 1.69 44 3.02 2.08
11 3.29 2.52 28 2.09 0.83 45 3.91 1.76
12 2.58 1.74 29 2.94 1.50 46 2.58 2.35
13 3.20 1.77 30 3.14 191 47 351 2.40
14 3.51 1.61 31 2.40 1.51 48 3.53 2.28
15 2.83 1.29 32 2.87 1.10 Mean 2963 1521
16 2.84 1.63 33 1.86 0.98 S.E+ 1009 490.7
17 2.20 1.09 34 3.22 1.94 C.V (%) 34.0 32.3
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Table (4). Simple correlation coefficient among seed yield, yield components and some vegetative traits of chickpea genotypes grown

under normal sown (non- heat stress) conditions based on means averaged over two locations.

Traits DF DM PH NPP NSPL NSP 100-S.W SYP HI (%) BIO
DM 0.7978***

PH -0.3159* -0.1950n.s

NPP 0.0683n.s 0.1496n.s -0.1634n.s

NSPL 0.1701n.s 0.1895n.s -0.2813* 0.8535***

NSP 0.2894* 0.1888n.s -0.3610* 0.2103n.s 0.6194***

100-S.W -0.4506** -0.4116** 0.5583*** -0.5275*** -0.7153*** -0.6040***

SYP -0.4710*** | -0.3924** 0.2792* 0.3889** 0.2146n.s -0.1719n.s 0.3714**

HI (%) -0.4053** -0.2879* 0.0504n.s -0.0390n.s -0.1967n.s 0.2767* 0.3162* 0.2836*

BIO -0.2182n.s -0.1981n.s 0.2412n.s 0.2595n.s 0.1680n.s -0.0749n.s 0.1233n.s 0.3150* -0.2259n.s

SY (t ha-l) -0.4127** -0.3401* 0.3107* 0.2457n.s 0.0494n.s -0.1652n.s 0.4119** 0.8100*** 0.4214** 0.3565*

DF: Days to 50 % flowering, DM: Days to 90 % maturity,

PH: Plant height (cm), NPP Number of pods per plant, NSPL: Number of seeds per

plant, NSP: Number of seeds per pod, 100-S.W: Hundred seed weight (g), SYP: seed yield per plant (g), HI: Harvest index (%), BIO: Biomass (t
ha-1) and SY: Seed yield (t ha-1).
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Table (5). Simple correlation coefficient among seed yield, yield components and some vegetative traits of chickpea genotypes

grown under late sown (heat stress) conditions based on means averaged over two locations.

Traits DF DM PH NPP NSPL NSP 100-SW | SYP HI (%) |BIO
DM 0.7116**
x
PH -0.2143n.s | -0.1029n.s
NPP -0.3832%* | -0.4919*** | -0.0758n.5
NSPL -0.2841* | -0.3651* | -0.2255n.5 | 0.9396***
NSP 0.2190n.s | 0.2667n.s | -0.3759** | -0.0022n.s | 0.3081*
100-SW | -0.3770** | -0.3168* | 0.4379** |-0.0027n.s | -0.2582n.s | -0.7124%**
SYP -0.6089%**| -0.5793*** | 0.2116n.s | 0.7703*** | 0.6154*** | -0.3063% | 0.5091***
HI (%) -0.5000%**| -0.4116** | -0.0834n.s | 0.5463*** | 0.4909*** | -0.0882n.s | 0.1928n.s | 0.4997***
BIO -0.3222* | -0.2278ns | 0.3753** | 0.3753** | 0.2966* | -0.0749n.s | 0.1341n.s | 0.4031** | 0.1585n.
SY (tha’) [0-6099%** [-0.4547%* [02309n.s |0.6729%** [ 05745 [-01346 | 0.2856* | 0.7021%**| 0.6793***| 0.7498***

DF: Days to 50 % flowering, DM: Days to 90 % maturity, PH: Plant height (cm), NPP Number of pods per plant, NSPL: Number of
seeds per plant, NSP: Number of seeds per pod, 100-S.W: Hundred seed weight (g), SYP: seed yield per plant (g), HI: Harvest index
(%), BIO: Biomass (t ha-1) and SY: Seed yield (t ha-1).
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Table (6). Path coefficient analysis showing direct and indirect effects of different traits on seed yield (t ha-1) of 48 chickpea

genotypes grown under normal sown (non- heat stress) conditions based on means averaged over two locations.

Traits Indirect effect Direct effect
DF DM | PH NPP [NSPL [NSP |100- [SYP [HI(%) |BIO lseedyield (tha')
S.wW
DF _ -0.0041 | -0.0295 | 0.0391 | -0.1564 | 0.1317 | -0.3633 | 0.0516 |-0.1118 | -0.0534 0.0824
DM 0.0653 | _ -0.0175 | 0.0702 | -0.1662 | 0.0927 | -0.3009 | 0.0455 | -0.0828 | -0.0469 0.0051
PH -0.0257 | 0.0010 | _ -0.0892 | 0.2601 |-0.1461 | 0.2020 | -0.0608 | 0.0097 | 0.0556 0.0946
NPP 0.0063 | -0.0007 | -0.0164 | __ -0.7756 | 0.0905 | 0.3128 | 0.0599 | -0.0073 | 0.0608 0.5150
NSPL | 0.0142 | -0.0009 | -0.0271 | 0.4399 | 0.2852 | 0.1800 | 0.0809 |-0.0534 | 0.0398 -0.9080
NSP 0.0233 | -0.0010 | -0.0297 | 0.1002 -0.9080 | _ -0.1490 | 0.0667 | -0.0863 | -0.0170 0.4652
100-S.W | -0.0379 | 0.0020 | 0.0223 | 0.1328 | -0.2068 | -0.0877 | ___ -0.0401 | 0.0816 | 0.0731 0.7902
SYP -0.0379 | 0.0021 | 0.0512 | 0.1002 |-0.5567 |-0.2763 | 0.2821 | _ 0.0875 | 0.0286 0.1123
HI (%) | -0.0317 | 0.0015 | 0.0032 | -0.0130 | 0.1669 |-0.1381 | 0.2220 |-0.0338 | _ -0.0500 0.2906
BIO -0.0187 | 0.0010 | 0.0223 | 0.1328 | 0.6545 |-0.0335 | 0.2450 | -0.0136 | -0.0616 | __ 0.2359

DF: Days to 50 % flowering, DM: Days to 90 % maturity, PH: Plant height (cm), NPP Number of pods per plant, NSPL: Number of
seeds per plant, NSP: Number of seeds per pod, 100-S.W: Hundred seed weight (g), SYP: seed yield per plant (g), HI: Harvest index
(%), BIO: Biomass (t ha-1).
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Table (7). Path coefficient matrix showing direct and indirect effects among seed yield (t ha-1) and related traits of 48 chickpea

genotypes grown under late sown (heat stress) conditions based on means averaged over two locations.

Traits Indirect effect Direct effect
DF DM PH NPP NSPL NSP 100-S.W | SYP HI (%) | BIO Seed yield (t ha_l)
DF _ 0.0678 | -0.0143 | -0.0210 | -0.0409 | 0.0084 | -0.0209 | -0.0483 | -0.2648 | -0.1432 -0.1271
DM -0.0894 | -0.0069 | -0.0272 | -0.0534 | 0.0095 | -0.0197 | -0.0401 | -0.2230 | -0.1020 0.0964
PH 0.0270 -0.0099 | -0.0045 | -0.0348 | -0.0153 | 0.0072 0.0558 | -0.0481 | 0.1796 0.0673
NPP 0.0478 -0.0469 | -0.0054 | __ 0.1391 0.0014 | 0.0263 -0.0008 | 0.2858 | 0.1702 0.0560
NSPL 0.0352 -0.0348 | -0.0158 | 0.0526 | 0.0136 | 0.0210 -0.0331 | 0.2558 | 0.1328 0.1478
NSP -0.0260 | 0.0224 |-0.0251 | 0.0019 |0.0493 |__ -0.0098 | -0.0938 | -0.0595 | -0.0358 0.0410
100-S.W | 0.0778 | -0.0554 | 0.0141 | 0.0429 |0.0908 |-0.0117 | _ 0.0649 | 0.2634 | 0.1812 0.0343
SYP 0.0478 | -0.0301 | 0.0292 | -0.0003 |-0.0381 |-0.0299 | 0.0173 | __ 0.0951 | 0.0569 0.1285
HI (%) |0.0649 |-0.0414 |-0.0062 | 0.0308 | 0.0729 | -0.0047 | 0.0174 |0.0235 | __ 0.0781 0.5183
BIO 0.0400 -0.0216 | 0.0265 | 0.0209 0.0432 -0.0032 | 0.0136 0.0161 | 0.0890 | __ 0.4545

DF: Days to 50 % flowering, DM: Days to 90 % maturity, PH: Plant height (cm), NPP Number of pods per plant, NSPL: Number of seeds
per plant, NSP: Number of seeds per pod, 100-S.W: Hundred seed weight (g), SYP: seed yield per plant (g), HI: Harvest index (%), BIO:
Biomass (t ha-1).
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Abstract

Pots experiment was conducted during the two consecutive winter seasons 2019/20 and 2020/21 at
the demonstration farm, Collage of Agricultural studies (CAS), Shambat, University of Science
and Technology, Khartoum Bahri, Khartoum state, Sudan (Latitude15° 40" N and Longitude 32°
23" E,) to evaluate the efficacy of nitrogen fertilization and two botanical water extracts (Datura
and Jatropha) and Nitrogen, each one alone on Striga hermonthica incidence and growth and yield
of wheat. All treatments significantly reduced number of Striga emergence, Striga shoot fresh and
dry weights (g). Striga infestation significantly reduced wheat grain yield by 63.14%. Nitrogen in
the form of urea at 80 Ib/fed., significantly increased wheat grain yield (kg/fed.,) by 196.15 %.
Among all treatments Nitrogen at 80 Ib/fed., was the best treatment which achieved highest wheat
grain yield (kg/fed,) and gave comparable grain yield (kg/fed,) to that obtained by Striga free
control.

Keywords: Combination, incidence, grain, and reduced
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Introduction

Wheat (Triticum aestivm L.) belongs to the Family Poaceae. It is the most important cereal crop in
the world. At present it is cultivation extends word wide. It is considered as the third most-produced
cereal after maize and rice (FAO, 1992). Its grains are a major source of energy, protein, and dietary
fiber in human nutrition. Wheat supplies much of the world's food supply and dietary protein (FAQ,
1992). It has become the most important source of carbohydrate in the majority of countries in the
temperate zone. Its straw is used as feed for livestock in underdeveloped countries (FAO, 2003 and
FAO, 1992).

In Sudan, wheat is becoming the staple food of both urban and rural populations. It considered the
second food grain in the Sudan after sorghum. It is an important strategic crop in terms of food
security. Wheat is planted in the fertile alluvial soils of the Nile in the Northern and River Nile
States where winter is relatively longer and cooler (Mukhtar et al., 2013). Since 1960, wheat
production has moved south wards and the crop is now cultivated in the Geziera, White Nile,
Gedarif, Kassala and Darfur states (FAO, 2003). The recent construction of the Merowe Dam
expand areas under wheat cultivation in the two Northern States.

Parasitic weeds are a major threat today in agriculture and provide an intriguing case of
pathogenesis between species. Almost all crops species are potential hosts for parasitic weeds, but
severe infestation and outbreak are usually restricted to certain host-pathogen combinations (Ejeta
2007; Ejeta et al., 1992). Striga hermonthica parasitic weed belongs to the Orobanchaceae Family
infects economically important cereals crops, such as Sorghum, wheat, maize, pearl millet, and
rice, causes huge damage to world agriculture, especially in sub-saharan Africa (Ejeta, 2007).
Research in Africa on the control of Striga has been going on for 70 years (Ahmed et al., 2001).
Striga spp are obligate hemi-parasitic weeds attach to the root of their host to obtain water, nutrients
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and carbohydrate (Fasil, 2002). The seed of S. hermonthica is small dust like (Parker and Riches,
1993). Striga is completely dependent on the host for its survival, and its life cycle is closely linked
with that of the host plant (Haussmann et al., 2000). They have an after-ripening requirement and
cannot germinate in the season in which they are produced (Fasil, 2002). Many potential control
methods were developed against the parasite problem such as physical, cultural, chemical, and
biological (Joel, 2002).

Botanical extracts of some plants will be a promising source of pest control compounds such as
Jatropha curcas (Osman, 2019). The current study design to explore new environmental friendly
pesticide to control weeds that can replace the highly toxic chemicals. The plant Datura
stramonium L. belongs to Family Solanaceae, it is used in traditional medicine worldwide,
practically in African countries such as Sudan and Libya (Shayoub et al., 2013; Ahmed, 2007,
Elkamali and Khalid, 1996). Jatropha curcas L. belongs to Family Euphorbiaceae, that is native to
the American tropics, most likely Mexico and Central America (Osman, 2019). It is cultivated in
tropical and subtropical regions around the world (Yonli et al. (2010). In Sudan can be found in
many regions like the Blue Nile, South Kordufan, Kassala, South Darfur States and other Stats
(Adam, 2016).

Generally there is lack information on effects of nitrogen fertilizer and medicinal botanical extracts
on striga, thus, this research was designed to investigate the effects of nitrogen fertilizer and two
medicinal botanical aqueous extracts (Datura and Jatropha) on Striga hermonthica incidence on
wheat. We have been following this approach to exploit of the effectiveness of the interaction of
these control methods in a sound manner to fulfill the following objectives:

1- To determine the effect of different concentrations of aqueous extracts of Datura, Jatropha on
Striga hermonthica and growth and yield of wheat.
2- To determine effects of different doses of Nitrogen on Striga and growth and yield of wheat.

Materials and Methods

A pot experiment was conducted during the two consecutive winter seasons 2019/20and 2020/21
at the demonstration farm, Collage of Agricultural Studies, Shambat, Sudan University of Science
and Technology, Khartoum Bahri Locality, Khartoum State, Sudan, Latitudel5° 40" N and
Longitude 32° 23" E (Babiker et al., 2013) to evaluate the efficacy of water extracts of Datura
leaves, Jatropha seeds and Nitrogen fertilizer In the form of urea, on striga hermonthica incidence
and wheat growth and yield.

Datura leaves were collected from Shambat, Khartoum Bahri and Jatropha seeds were collected
from National Tree Seeds Center. The plants materials were washed and dried at room temperature
and were separately ground into fine powder (<1mm) and stored until use.

Plant aqueous extracts at 10% concentrations were obtained by soaking at room temperature. Ten
grams of powdered part of plant material were placed in a 250 ml glass beaker with 100 ml of
sterile distill water for 24 hours and each suspension was then filtered through two tools, the first
(nylon cloth) served to move big debris and the second (filter paper) to set an homogeneous
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solution. Other concentrations (5% and 2.5%) were obtained by dilution 10% concentration as
described by Yonli et al. (2010).

Wheat cultivar (Asareca-w2) grains were obtained from Elobied Research Station, Agricultural
Research Corporation. The wheat grains were placed in six beakers contained Datura and Jatropha
water extracts each at 2.5%, 5% and 10%. beakers were placed at room temperature for eight hours
before planting. The seeds of controls were placed in beaker containing sterile distilled water.

The inoculated soil with Striga seeds at 20mg was added to the pots except Striga free control and
thoroughly mixed by hand.

The wheat grains which were treated by Datura and Jatropha aqueous extracts were sown on 23th
December in 2 cm soil depth, five /hole, later thinned to two plants per hole three weeks after
sowing (WAC). Nitrogen fertilizer in the form of urea was applied at 40, 80 and 120 Ibs/fed. They
applied as two equal split doses, one at thinning and the second at when plant at knee high. Striga
Infested and Striga free controls were included for comparison. The treatments arranged in a
randomized complete block design (RCBD).

The effects of the treatments were assessed by counting number of Striga shoots at 6, 10 and 14
WAS. At harvest Striga plants collected from each treatment were weighted to determine fresh
weight, and then air-dried for dry weight. At flowering, two plants of wheat were taken to determine
growth parameters including plant height (cm), shoot fresh weight/plant (g), shoot dry weight/plant
(9), number of leaves/plant and days to 50% flowering. At harvest 1000 grain weight (g) and grain
yield (kg/fed.) were recorded.

Data collected and measured in this experiment were subjected to analysis of variance (ANOVA)
for each season separately and then combined as described by Gomez and Gomez (1984). The
analysis carried out using the statistical analysis system (SAS) computer package for SAS Institute
Inc., 1990, to detect significant effects among the treatments and populations compared.

Results and Discussion

Striga count made at 6, 10 and 14 (WAS) showed that, the number of Striga emergence increased
with increasing of the number of weeks (Table 1). Statistical analysis showed significant
differences among all treatments. At 6, 10 and 16 WAS, all treatments significantly reduced
number of Striga emergence as compared to Striga infested control treatment (Table 1). Similar
results were found by Osman (2019).The treatments which achieved lowest number of Striga were
the highest (120 Ib/fed.), and medium (80 Ib/fed) of nitrogen and they gave comparable number of
Striga shoots to Striga free control. Possible reason for this might be the presence of allele pathic
effects of concentrations, and that might be attributed to the hormone —like properties of allelo-
chemicals of plants extracts such as choline and flavonoids (Osman, 2019).

All treatments significantly reduced Striga shoot fresh and dry weights (g) compared to the Striga
infested control treatment (Table 2). The highest rates of Datura and Jatropha, and the medium rate
of nitrogen gave highest Striga shoot fresh and dry weights (g) comparable to that obtained by
control treatments (Table 2). Possible reason for this could be due to Striga seeds cannot germinate
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in the absence of a chemical stimulant, because nitrogen decreases stimulant production by the host
plant Osman, 2019). This result is in agreement with that obtained by Lagoke and Isah (2010) who
reported that, Nitrogen reduced the severity of S. hermonthica.

All treatments significantly increased wheat shoot fresh (g)/plant and shoot dry weight (g)/ plant
as compared to the Striga infested control treatment (Table 3). The high concentration of Datura
(10%) and the medium rate of Nitrogen (40 Ib/fed.) were the best treatments which achieved highest
shoot fresh (g)/plant and shoot dry weight (g)/ plant and were comparable to that obtained by Striga
free control treatment. Similar findings were obtained by Asifullah et al. (2017).

All treatments significantly increased number of tillers/plant as compared to the Striga infested
control treatment. The highest concentration of Datura (10%) and the medium rate of nitrogen (40
Ib/fed.) were the best treatments which achieved highest number of tillers/plant. The attained
number of tillers per plant were comparable to that obtained by Striga free control treatment.

The high rate of Datura (10%), medium (5%) and high rates (10%) of Jatropha and the low and
medium rates of nitrogen (40 and 80 Ib/fed.) significantly increased plant height (cm) as compared
to the Striga infested control treatment (Table 3). The highest concentration of Jatropha (10%) and
the medium rate of nitrogen (80 Ib/fed.) resulted in highest plant height (cm) and were comparable
to that obtained by Striga free control treatment(Table 3).

All treatments did not significantly increased 1000 grain weight (g) as compared to the Striga
infested control treatment (Table 4).

Combined analysis of both winter seasons indicated that, Striga significantly reduced wheat grain
yield by 63.14 compared to Striga free control. Similar result was obtained by Ejeta (2007) who
reported that, parasitic plants are acquired the ability to obtain nutrition from host plants and have
adapted to prefer less fertile soil and consequently cause considerably loss to the crop.

Combined analysis of both winter seasons reported that, all treatments except (Datura 2.5%,
Jatropha 2.5% and nitrogen at 120 Ib/fed.) significantly increased wheat grain yield as compared
to the Striga infested control treatment (Table 4). Nitrogen at 80 Ib/fed., significantly increased
wheat grain yield (kg/fed.) by 196.15 % as compared to the Striga infested control treatment.

Among all treatments nitrogen at 80 Ib/fed., was the best treatment which achieved highest wheat
grain yield (kg/fed,) and gave comparable grain yield (kg/fed,) to that obtained by Striga free
control (Table 4). The grain yield (kg/fed.) increased when the level of nitrogen increased until
certain level. These results might be due to the increase up of grain yield attributing characters and
nutrient uptake of the crop under these levels as well as reduced Striga infestation at high
application levels (Osman, 2019). These findings are in agreement with those obtained by Hugaret
al. (2010) who reported that, the grain yield increased when the level of nitrogen increased. High
levels of Striga infestation are often associated with low soil fertility (Oswald, 2005). Several
reports have shown that nitrogen at high rates suppresses Striga infestation, while at low rates it
enhance emergence of the parasite (Hugar et al., (2010). Also these results are in line with those
obtained by Oswald (2005) who indicated that, low levels of Striga infestation are often associated
with high soil fertility.
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Table 1: Effect of Datura, Jatropha aqueous extracts and nitrogen fertilization on Striga emergence
(plants/pot) in both winter seasons combined

Treatments Number of Striga (plants/pot)
6 WAS 10 WAS 14 WAS
Datura 2.5% 1.67b 2.67b 3.33a
Datura 5% 1.33b 2.00Db 2.33b
Datura 10% 0.67c 1.00c 1.33¢c
Jatropha 2.5% 1.67b 2.33b 2.33b
Jatropha 5% 1.67 b 2.00 b 2.00 b
Jatropha 10% 1.00 bc 1.33 bc 1.33 ¢
Nitrogen 40 Ib/fed. 1.67 b 1.67 bc 1.67bc
Nitrogen 80 Ib/fed. 0.33¢c 0.33¢c 0.67c
Nitrogen 120 Ib/fed. 1.00 bc 1.33 bc 1.33 ¢
Striga free control 0.33¢c 0.33¢c 0.33¢c
Striga control 3.33a 433 a 4.67 a
CVv 6.36 4.89 6.06
SE+ 0.10 0.14 0.25

WAS= weeks after sowing.
Means followed by the same letter (s) within each column do not differ significantly at 5% level
of probability according to DMRT

Table 2: Effects of Datura, Jatropha aqueous extracts and nitrogen fertilization on Striga
shoot fresh andshoot dry weights (g)in both winter seasons combined

Treatments Striga shoot fresh | Striga shoot
weight (g) dry weight (g)

Datura 2.5% 1.67b 1.00 b
Datura 5% 1.67b 1.00b
Datura 10% 1.00 bc 0.67c
Jatropha 2.5% 2.00b 1.33b
Jatropha 5% 1.67b 1.00b
Jatropha 10% 1.33 bc 0.67c
Nitrogen 40 Ib/fed. 1.67b 1.33b
Nitrogen 80 Ib/fed. 0.33¢ 0.17c
Nitrogen 120 Ib/fed. 1.17b 1.00b
Striga free control 0.33 ¢ 0.18¢c
Striga control 5.00 a 3.95a
CcVv 17.09 20.19
SE+ 0.15 0.14

Means followed by the same letter (s) within each column do not differ significantly at 5%
level of probability according to DMRT

Table3: Effects of Datura, Jatropha aqueous extracts and nitrogen fertilization on wheat
growth parameters in both winter seasons combined
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Treatments Shoot fresh Shoot dry Number of  |Plant height
weight (g)/ plant| weight (g)/ plant | tillers/ plant (cm)
Datura 2.5% 5.00c 2.33¢ 3.67c 30.67¢e
Datura 5% 7.00 b 4.33b 4.00c 36.83d
Datura 10% 10.33a 7.00a 6.67 a 55.17b
Jatropha 2.5% 5.00c 2.67 ¢ 2.00d 35.10d
Jatropha 5% 5.67b 4.33b 4.00c 46.17 ¢
Jatropha 10% 6.67 b 4.67b 5.67b 58.50 ab
Nitroge40 Ib/fed. 5.67c 2.33¢ 3.67c 44.00 ¢
Nitrogen 80 Ib/fed 10.67 a 7.67 a 6.67 a 59.83 a
Nitrogen 120 Ib/feg 5.33¢ 2.67¢C 5.33b 33.33 de
Striga free control 10.33 a 7.33a 7.00 a 60.33 a
Striga control 4.67d 2.00d 1.67d 35.67d
CcVv 20.80 0.42 34.24 4.80
SE+ 0.91 15.68 0.91 1.25

Means followed by the same letter (s) within each column do not differ significantly at 5% level
of probability according to DMRT

Table 4: Effects of Datura, Jatropha aqueous extracts and nitrogen fertilization on wheat
yield in both winter seasons combined

Treatments 1000 grain weight (g) | Wheat grain yield (kg/fed)
Datura 2.5% 37.67 a 5.67 de
Datura 5% 37.33a 6.63 cd
Datura 10% 48.00 a 750c
Jatropha 2.5% 36.67a 4.67 e
Jatropha 5% 38.33a 6.47 cd
Jatropha 10% 47.33 a 10.13b
Nitrogen 40 Ib/fed. 39.33a 9.50b
Nitrogen 80 Ib/fed. 48.67 a 13.83a
Nitrogen 120 Ib/fed. 37.00 5.90 cde
Striga free control 40.00a 12.67 a
Striga control 36.33 a 4.67 e
CcVv 9.48 12.86
SE+ 0.62 0.55

Means followed by the same letter (s) within each column do not differ
significantly at 5% level of probability according to DMRT

Conclusions:

1- Datura and Jatropha aqueous extracts reduced Striga emergence and Striga fresh and dry weights.
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2- Nitrogen in the form of urea at tested rates effectively suppressed Striga emergence.

3- Effectiveness of Datura, Jatropha and nitrogen levels increased by increasing concentrations, or rates.
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Abstract

This research work was carried out during two seasons of 2016 and 2017 at four locations. Two
of them are under irrigation and two under rain-fed conditions. The irrigated sites were Wad
Medani and Suki, while the rain-fed sites were Gedarf and Damazin. The experiments at the four
locations were testing7 sorghum genotypes against three checks (Tabat, Wad-Ahmed and HD-2)
for their grain yield, yield stability and some important agronomic characters. The design at each
site and season was a randomized complete block design (RCBD) with four replicates. Sowing
was in the first week of July under irrigation and in the first to the third week of July under
rainfed conditions depending on the rainfall. All other recommended cultural practices suitable to
irrigation and rain fed conditions were adopted as recommended. Combined analysis showed that
there were significant differences among tested genotypes. The results of AMMI analysis of
variance showed that, the mean squares of genotypes, environments and genotypes environments
interaction were highly significant (p<0.01) for grain yield. Genotype W638 recorded the highest
grain yield (3.6 t/ha) followed by genotype Mena (3.2 t/ha) while the three checks HD-2, Tabat
and W.Ahmed showed a mean grain yield of 2.9, 2.8, and 3.1 t/ha respectively. From these
results, it was found that, the genotypes W638 and Mena out yielded all the checks and had a
mean grain yield greater than the general mean of the irrigated environments (2.9 t/ha),while
Maroa scored a grain yield comparable to Wad Ahmed (2.0 t/ha), but greater than Tabat (1.7 t/ha)
and HD-2 (1.3 t/ha) and above the general mean of the rain fed environments (1.7 t/ha) .These
results indicated that, genotypes W638 and Mena were stable and adaptable under irrigated
conditions, while genotype Maroa was considered as stable and adaptable under rain fed
conditions.

Keywords: environments, genotypes, sorghum, yield stability
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Introduction

Sorghum (Sorghum bicolor (L. Moench) is an important cereal crop and ranks fifth worldwide
after wheat (Triticumspp), rice (Oryzaspp), maize (Zea mays) and barley (Hordeum vulgre)
(FAO. 1995). It is grown over 42 countries (Belum et al., 2004). Developing countries are
growing 90% of the world sorghum area and are producing 70% of the total sorghum production.
Semi-arid tropical Asia and semi-arid tropical Sub-Saharan Africa grow about 60% of the world
area (ICRISAT and FAO, 1996), while Sudan grows about 24% of Africa area and produces 17%
of its production. Sorghum was first domesticated in the region of North East Africa and consists
of cultivated and wild species. The region of Eastern Sudan and Ethiopia is considered a center of
probable origin (Doggett and PrasadaRao, 1995). Doggett (1988) reported that, the greatest

genetic diversity of cultivated and wild sorghum is present in East Africa. In Sudan, sorghum is
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the main staple food especially in rural areas and is used in different forms. Itplays a significant
role for small and large scale farmers, it is the leading cereal crop by production, consumption as
well as area cultivated. The national averages yield in Sudan was250 kg/fed (4200 m?2) which is
very low compared to that obtained at research stations. This is due to the use of low yielding
poor grain quality cultivars and poor crop management practices.

During the last 15 years, plant breeders in the Agricultural Research Corporation have
successfully developed high vyielding open pollinated varieties such as FW Ahmed, Ingaz
(Ibrahim and Mahmoud 1992) and Tabat (lbrahim et al., 1996). In addition, many other varieties
suitable for both irrigated and rainfed sectors were also developed such as Butana and Bashayer
(Elzein et al., 2007) and AG-8 (Mohamed et al., 2009). In the Sudan, the first hybrid developed
is through the INTSORMIL collaborative program which started in 1979. That program
succeeded in releasing the first hybrid in 1983 (HD-1) and since then, very few hybrids were
released such as Hageen Rabih and Sheikan. Still, very few hybrids are famous to the farmers
such as HD-1 and PAN 606. Recently, the plant breeders at the Agricultural Research
Corporation succeeded in releasing three hybrids (DIA-07666, PAC-501 and E-1) suitable for
irrigation and high rain fall areas of the Sudan (Elasha et al. 2011). Also, (Mohammed et al.,
2018) had released new sorghum hybrids for both irrigated and rain fed sectors. To increase the
low national average sorghum grain yield of 250 kg/fed, hybrids could be among the most
important technological packages for both irrigated and rain fed sectors. This study was carried
out with an objective to evaluate some genotypes under irrigated and rain fed environments and

to select among them the most stable under irrigated and rain fed environments

Materials and Methods

The experiment was carried during two seasons of 2016 and 2017 at four locations. Two
locations were under irrigation and two under rain fed conditions. The irrigated sites were Wad
Medaniand Suki, while the rain fed sites were Gedarif and Damazin. The genotypes tested under
both irrigation and rain fed environments were W625,Maroa,Pro 4450,W 02W,Mena, W638 and
Muzdalifa while Tabat, Wad Ahmed and HD-2 were used as checks.Land was prepared by disc
ploughing, disc harrowing, leveling and ridging at the irrigated sites and by the wide level disc
and ridging at the rain-fed sites. The design used at each site and season was a randomized
complete block with four replications. Sowing was at the first week of July under irrigation and

the first to the third week of July under rain fed conditions depending on the onset of the rainfall.
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Under irrigation, the entries were sown to five rows, 5 m length on ridges of 0.8 m apart at 0.3 m
intra row spacing and thinned to three seedlings per hill. Under rain fed conditions, they were
also sown to five rows 5 m length, on flat at 0.8 m apart at 0.2 m intra row spacing and thinned to
two seedlings per hill. In either season, urea at a rate of 80 kg and 40 kg /fed was applied under
irrigation and rain fed sites respectively. Thinning to three and two seedlings per hill (for
irrigated and rain fed sites respectively) was carried two to three weeks after emergence at each
site during each season. Other cultural practices such as irrigation, weeding etc. were carried as
recommended. The net harvested area at each site and season was three rows x 5 m length x 0.8
m for grain yield and 1 m length x 0.8 m x 3 rows for Stover. The data recorded at each site and
season was; days to 50% flowering, panicle length, plant height; grain yield, Stover yield and 100
grain mass. The experiments for studying the distinction, uniformity and stability were run at the
Gezira research station in season 2016-2017 to study the distinguished characters, the stability
and the uniformity of the most promising genotypes. The Chemical analysis and the kisra
(baking) quality tests were carried for the most promising genotypes. Samples of different
genotypes were subjected to physical and proximate chemical analyses. Data were analyzed by
IRRISTAT 2005 for separate seasons. Combined and stability analysis were also carried for both
irrigated and rain-fed environments according to AMMI model (Gauch and Zobel, 1988 and
Nachit et al., 1992).

Results and Discussion

Stability and adaptability

Grain yield at the irrigated sites showed significant differences among the tested genotypes
except at Medani in the first season (Table 1).This trait at Wad Medani ranged from (2.0-3.3 t/ha)
in first season, from (2.4-4.17 t/ha) in the second season, while at Suki it ranged from (3.8-5.9
t/ha) to (1.1-2.6 t/ha) for the first and second seasons respectively (Tablel). From the combined
analysis, there were also significant differences between the tested genotypes for grain yield.
Genotypes W638 showed the highest grain yield (3.6 t/ha) followed by Mena (3.2t/ha). From
these results, it was found that, both W638 and Mena out yielded all other genotypes including
the three checks. They also had a mean grain yield greater than the general mean of the irrigated
sites (2.9 t/ha) (Table 1). At the rain fed sites, in both seasons there were significant differences
among the tested genotypes (P<0.01) as presented in (Table 1). The combined analysis showed

that, there were significant differences among genotypes for grain yield. Similar results were
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reported by Elasha and Mohammed (2022), they found significant differences among sorghum
hybrids over all environments. The genotypes Maroa and W. Ahmed had highest grain yield
which was 2 t/ha. Maroa out yielded the two checks, HD-2 and Tabat and was comparable in
grain yield to W. Ahmed and have a mean yield greater than the general mean of the rain fed sites
which is 1.7 t/ha (Table 1).

Table 1.Mean of grain yield (t/ha) of ten sorghum genotypes evaluated over eight
environments during season 2016 and 2017.

Site Irrigated environments Rain fed environments
Medani Suki Gedarif Damazin
Mea 201 2017 2017
2016 2017 2016 2017 n 6 2016 Mean
1. W625 2.65 2.00 3.8 1.7 25 105 195 19 1.14 15
2.Maroa 2.65 190 48 18 28 17 173 29 154 2.0
3.Pro 4450 2.67 243 43 12 27 18 182 30 083 1.9
4. W02W 2.87 149 49 23 29 15 204 23 146 1.8
5.Mena 2.95 289 43 26 32 13 201 29 085 1.8
6.W638 2.0 417 59 24 36 094 205 25 105 1.6
7.Muzdalifa  2.52 234 50 18 29 14 150 24 088 1.5
8.HD-2 2.8 246 52 11 29 15 00 30 061 1.3
9.TABAT 2.8 183 4.3 2.1 28 046 197 27 1.70 1.7
10.WAhmed 3.32 156 50 25 31 16 173 27 203 2.0
Mean 273 231 476 1.97 29 133 168 264 121 1.7
0.38 0.36 027 0.09 0.06 0.19 0.09 0.22**
SE+ 0.32ns * * 018* * bl bl bl *
CV% 238 329 150 178 183 96 6.8 145 141 23.9

*, ** *x* gjgnificant at 0.05, 0.01 and 0.001 probability level, respectively

The combined analysis of variance according to the AMMI model is presented in (Table 2).
Highly significant differences were observed for environments (E), genotypes (G) and their
interactions GEI (P< 0.01), Same results were reported by (Mohamed et al., 2022),who studied
grain yield stability in sorghum. From total sum of squares due to treatments (G+ E+GEl),
83.3% of the variance was due to (E), the GEI accounted for 14.3%, while the genotypes
explained only 2.3%. The partitioning of GE interaction through AMMI model analysis revealed
that, the three terms ( PCAL, PCA2 and PCA3) were significant and explained 49.7 %, 23.7%
and 14.3% of variation due to GE interaction sum of squares, respectively (Table 7). Together,
they accounted for 99.9% of GEI sum of squares and most of variation was explained by the first
two principal component axes (PCAL and PCA2).
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Table 2. AMMI analysis of variance of the significant effects of genotypes (G),
environments (E) and genotype-environments interaction (GE) on grain yield
(t/h) and the partitioning of GE into AMMI scores.

Source df SS MS F Efficiency%
Total 319 4775 1.497

Treatments 79 420.1 5.317 0.00000

Genotypes 9 9.7 1.076***  0.00001 2.3
Environments 7 350.3 50.044*** (0.00000 83.3
Block 24 7.7 0.322 0.10819

Interactions 63 60.1 0.954***  (0.00000 14.3
IPCA 15 29.9 1.996***0.00000 49.7
IPCA 13 14.3 1.099***0.00000 23.7
IPCA 11 8.6 0.779***0.00024 14.3
Residuals 24 7.3 303 0.15506

Error 216 49.7 0.230

*, ** *** gignificant at 0.05, 0.01 and 0.001 probability level, respectively

AMMI bi-plot of the first two principal components axes (PCA1l and PCA2) which usually
showed stability of the genotypes across environments in term of principal component analysis
and is used to identify adapted genotypes having stable performance across sites or under specific
location. In this study, the first two principal components axes (PCA1l and PCA2) explained
73.4% of the total GE sum of squares (Fig.land Table3). The genotypes Mena (2.5 t/ha) and
W638 (2.6 t/ha) had mean grain yield more than the two checks HD-2 and Tabat and comparable
to the check W. Ahmed (2.5 t/ha). Both genotypes (Mena and W638) were stable.

Table 3. PCA1 And PCAZ2 scores for yield of ten selected sorghum genotypes evaluated in

eight environment

Genotype NG Gm IPCAgQ[1] IPCAQ[2] IPCAQ[3]

G1 1 2.016 0.23857 0.19195 -0.48680

G2 2 2.386 0.27573 -0.23562 0.21494
G3 3 2.269 -0.06248 -0.75677 -0.37415
G4 4 2.362 0.45859 0.17243 0.36555
G5 5 2.494 -0.17701 0.17810 -0.67428
G6 6 2.653 -1.26924 0.53261 0.25057
G7 7 2.238 -0.21398 -0.08096 0.30644
G8 8 2.309 -0.31354 -0.74174 0.20692
G9 9 2.236 0.39510 0.52736 -0.24702
G10 10 2.558 0.66825 0.21264 0.43784
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Fig.1. The AMMI bi plot of the main and PCA1 effects of both genotypes and environments on
grain yield Of eight sorghum genotypes grown at eight environments during 2016 and 2017.

The best four genotypes selected according to AMMI estimate among all environments were
genotypes Mena as was selected 5 times out of eight environments, genotype W638 as was
selected 3 times out of four irrigated environments and genotype Maroa as was selected three
times in four rain fed environments (Table 4). From the above results, the stable genotypes for
grain yield were genotypes Mena and W63under irrigated conditions, also they had a mean grain
yield of (3.2 t/ha) and (3.6 t/ha) compared to the general mean of the irrigated environments (2
t/ha), and genotype Maroa also had a mean grain yield of 2 t/ha higher than the two checks Tabat
(1.7 t/ha) and HD-2 (1.3 t/ha) and comparable to W. Ahmed (2 t/ha) and had mean grain yield
higher than the general mean of the rain fed environments.

Table 4.The best four genotypes in each environment for grin yield according to AMMI

selections.

Number Environment Mean Score 1 2 3 4
8 E8 1.211 0.6628 G10 G4 G9 G2

1 El 2.735 0.5757 G10 G2 G4 G5

5 E5 1.332 0.2369 G8 G3 G2 G10

4 E4 1.971 0.1632 G6 G10 G9 G5

7 E7 2.635 0.0818 G3 G8 G5 G2

6 E6 1.863 0.0724 G5 G6 G10 G9

3 E3 4.761 -0.5333 G6 G8 G7 G10

2 E2 2.308 -1.2595 G6 G5 G8 G3
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Conclusion

Seven sorghum genotypes were evaluated across four locations for two year (eight environments)
to study Genotype x Environment interaction and yield stability. Genotypes W638 and Mena
gave higher grain yield (3.6 t/ha) and (3.2 t/ha) compared to all checks and had mean grain yield
higher than the overall mean (2.9 t/ha) and performed consistently well across the irrigated
environments indicating good stability and adaptability under irrigated conditions. Genotype
Maroa had higher grain yield (2 t/ha) compared to the two checks Tabat and HD-2 and had mean
yield above than the general mean (1.7 t/ha) of the rain fed environments, indicating its stability

under rain fed conditions.
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Abstract

Fields experiments were carried out for two consecutive seasons (2014/15 and 2015/16) at Gezira
Research Station Farm. The main objective was to evaluate the effects of farm yard manure (0, 5
and 10 ton/ha), repellent plant (coriander) and Thiovit Jet 80% Wettable (0 and 8.8 gram per liter)
as an elemental sulfur for controlling the powdery mildew on organic tomato production. The
treatments were arranged in split split and split plot design replicated three times in the first and
second season, respectively. The results showed that the repellent plant numerically increased the
marketable yield of tomato in the first season by 87% and significantly by 46% in the second
season. Tomato grown with repellent plant recorded the high marketable yield in the two seasons.
The addition of 5 ton/ha of farm yard manure recorded the high marketable yield (3359 kg/ha) in
the first season while application of 10 tons FYM gave the high yield (7466 kg/ha) in the second
season. However, the addition of sulfur resulted in insignificant effect on all the studied traits of
tomato and this may be attributed to its late application which was at fruit setting stage. The
repellent plant significantly increased the number of branches per plant in the first season and
only numerical increase in the second season, whereas both doses of FYM only recorded a slight
increase in the plant height in the second season. The interaction between the three studied factors
on all tomato traits was not significant except for the number of branches and the percent of the
total soluble solids in the first season. Also a significant interaction was obtained between farm
yard manure and sulfur which was reflected in plant height and sun scald where that between
repellent plant and farm yard manure was shown in the percent of total soluble solids.

Key words: farm yard manure, repellent plant, elemental sulfur, organic farming, organic tomato
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Introduction

Tomato (Solanumlycopersicum L.) is widely cultivated vegetable crop in the world. It is an
important cash crop for smallholders and medium scale commercial farmers (Naikaet al., 2005).
Tomato is considered as one of the most important vegetables in Sudan due to its economic and
nutritional values, it occupies about 28% of the total area of vegetables in Sudan which produces
about 950 thousand tons of tomatoes per year (Mohammed 2009).Tomatoes prefer light textured
soils with optimum pH ranges from 6.0 to 7.5 and the crop is most sensitive to salinity
particularly at germination stage and the yield reduction is 25% at 5 dS/m (SYS, 1993).Nitrogen,
phosphorus and potassium are critical nutrient elements for tomato growth and development.
Nitrogen is associated with vegetative growth and biomass accumulation, phosphorus to seed and
root development, while potassium is associated with fruit development and quality (Jones,
2008). Tomato is considered a crop with major fertilization requirements. It is considered as the
second important significant vegetable crop in the world after onion. Tomato contains valuable
vitamins, for instance vitamins A and C and also it contains fibers, and is known as free from
cholesterol. At present, tomatoes are utilized at a higher rate in the developed countries than in
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the developing countries (Badr et al., 2010). The main producing areas of tomato in Sudan are:
Gezira, Khartoum, Kassala, Gadarif, Sennar and the Blue Nile States.

Organic farming is a production system that avoids the use of chemical fertilizers, pesticides and
growth regulating hormones. Tomato crop is raisedby the use of organic manures; crop rotation;
legumes, green manure and biological pest control (Panda, 2011). Different vegetable crops are
produced in the Sudan using the conventional system which allows the use of chemical
compounds. Recently, world - wide, more attention has been given to organic farming.This kind
of agriculture sustains the health of soils, ecosystems and people (human beings). Organic
farming is considered as a result of the increasing global health awareness, which necessitates a
high need for finding other options for producing safety products and at the same time keeps the
soil environment healthy. As known, these products can only be accepted and marked as organic
if they are produced under soils not treated with chemical compounds for at least three years.The
United States Composting Council (USCC) (2008) stated that humus provides plant nutrients,
beneficial microorganisms; improves soil structure, water holding capacity and stabilized soil pH;
helps to control weeds, pests and diseases, and the soil to resist erosion by wind and water. Panda
(2011) stated that the various benefits of organic farming are: a) organic food is normally priced
20-30% higher than conventional food; b) it does not involve capital investment as high as that
required in chemical farming; c) farmers have a wealth of traditional knowledge that can be used
in this kind of agriculture rather than for chemical farming.

Production of organic vegetables in the Gezira is lacking. Generally, organic agriculture is of low
cost, more profitable, and safe to the environment compared to the conventional system. Tomato
is very important for human nutrition and mostly consumed directly after harvest without cooking
and for this reason it is better to be produced under organic system rather than under conventional
system. Most of the soils in the Sudan are deficient in nitrogen and available phosphorus and
have low contents of organic matter. Therefore, addition of different organic manures to these
soils is expected to improve their chemical fertility, increase the moisture retention and water
percolation, decrease the soil bulk density, enhance root penetration and encourage the overall
plant growth.

Pests are the main constraint facing tomato production in the Sudan and farmers mostly rely on
chemical pesticides for the control of these pests. However, the abuse of pesticidesis becoming a
human concern. Now the tendency is to use non-chemical measures such as botanical materials
and cultural practices for the management of the pests.

The main objectives of the study were to:

- Assess the effect of farm yard manure, coriander (as a repellent plant) and sulfur on
growth and productivity of organic tomato.
- Reduce the use of synthetic chemical compounds.
- Improve the physical, chemical and biological properties of the soil.
- Avail healthy and safety organic tomato for human consumption.
Materials and methods

The experiments were conducted for two consecutive seasons at Gezira Research Station farm
(2014/15 and 2015/16). Soil samples were collected from four depths (0 — 25, 25 — 50, 50 — 75
and 75 — 100 cm) for routine analysis. In the first season, the treatments were consisted of three
levels of farm yard manure (FYM): 0, 5 and 10 t/ha; two rates of sulfur (S):0 and 8.8 gram per
liter; the trade name of the used sulfur is Thiovit Jet 80% Wettable Granule. It is a fungicide for
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controlling the powdery mildew. The combinations of the two factors (FYM and S) were
evaluated under two conditions; with or without coriander (Corianderum sativiumL) which was
used as a repellent plant (RP). The treatments were arranged in split split plot design replicated
three times in the first season; the main plots, sub plots and sub - sub plots were assigned to RP,
FYM and S, respectively. In the second season, RP was assigned to main plots whereas FYM to
sub plots and S was not used. A trench was manually made on the top of the two sides of each
bed (140 cm apart), then the FYM was added and covered with soil before transplanting of
tomato seedlings. Seeds of tomato (Joddy variety) were sown on 17/11/2014under the
supervision of Central Trading Company in Khartoum and transplanting of seedlings was on
27.12.2014 and on 21/12/2015 in the second season. The seedlings were spaced at 50 cm on each
side of the bed. The coriander was sown three weeks before transplanting of tomato seedlings;
whereas sulfur was only applied in the first season on 18/2/2015 (at fruit setting). Data were
collected on plant height, number of branches per plant, percent of total soluble solids (%TSS)
and yield of tomato which included the marketable and none marketable yields. None marketable
yield consists of fruits infested by blossom end rot, sun scald, insects and culls.

Results and discussion

The soil of the experimental site is none saline and slightly sodic at the top 50 cm. It has clay
texture, alkaline reaction and low nitrogen content, organic carbon and available phosphorus.
Generally, the soil bulk density is high especially in 25 -50 cm (1.9 g/cm®) and 75 — 100 cm (1.91
g/cm?®) soil depths. In the first depth (25-50 cm), the high bulk density may be attributed to
plowing at a fixed depth (20-25 cm) for a long time especially when the soil was moist, whereas
the high values of bulk density below 75 cm are presumably attributed to overburden. Generally,
the soil is classified as fine, smectitc, super activeisohyperthermic, TypicHaplusterts and was
correlated to Remaitab none sodic soil series.

Table (1): Some physical and chemical soil properties of the experimental site

Soil property Soil depth (cm)
0-25 25-50 50-75 75-100

% Sand 8 10 7 8
% Silt 44 26 25 31
% Clay 48 64 68 61
pH (paste) 8.4 8.7 8.1 8.1
EC (dS/m) 0.7 2.0 0.9 0.5
ESP 14 15 2 3
% N 0.080 0.040 0.172 0.218
% O.C 0.250 0.281 0.125 0.125
CEC (cmol (+)/ kg soil 54 50 54 51
Avail P (ppm) 4.6 7.2 5.2 6.0
Soil bulk density (g/cm®) 1.85 1.90 1.86 1.91

The data of the main effect of repellent plant and farm yard manure in the two seasons and sulfur
in first season on marketable yield, blossom end rot, sun scald and culls of tomato fruits are
displayed in Tables (2, 3 and 4), respectively. The data in Table 2 showed that the repellent plant
numerically increased the marketable yield of tomato from 1525 to 2845 kg/ha which was
equivalent to87%, whereas in the second season, it statistically significantly increased the
marketable yield by 46% (i.e. from 4748 to 6926 kg/ha). This high increment indicated the effect
of the repellent plant in promoting and increasing the production of marketable organic tomato. It
was observed that tomato grown under repellent plant recorded the higher marketable yield in the
two seasons compared to that without repellent plant. The effect of repellent plant was significant
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on blossom end rot, sun scald, culls in the first season, significant on the marketable yield in the
second season (Table 2).

Table (2): Effect of repellent plant on tomato (kg/ha) marketable yield, blossom end rot, sun
scald and culls (2014/15 and 2015/16)

Treatment | Marketable | Blossom Sun Culls | Marketable | Blossom Sun Culls
yield end rot | scald yield end rot | scald
Season 2014/15 Season 2015/16

With RP 2845 2864 753 1641 6926 165.1 956 6425
Without 1525 1458 471 799 4748 146.9 804 5102
RP

S.E+ 493 102 31 234 482.4 56.7 216.7 | 11815
Sig. NS * * * * NS NS NS
CcC.Vv 17 31 35 34 16.9 36.2 24.6 20.5

* xk *F% and NS indicated significance at (P < 0.05), (P <0.01), (P <0.001) and not significant,
respectively. RP = repellent plant.

The farm yard manure in the first season significantly increased the culls whereas in the second
season it significantly increased the marketable yield, blossom end rot, sun scald and culls.
Generally, the positive influence of farm yard manure on crop production was reported by
Elaagib (2007) Ibrahim et al(2002) and Elghball (2002). In this context Ali (1998) found that the
use of organic manures is highly encouraged for sustainable agriculture and conservation of soil
fertility. Also the benefits of compost for plant production and soil properties were reported by
Kassim and Ali (1989).

The data in Table (3) indicated that the addition of 5 tons FYM/ha in the first season numerically
increased each of the marketable yield of tomato, blossom end rot and sun scald over their
respective values of the addition of 10 tons FYM/ha, whereas the increase of culls was significant
(P < 0.05). These results are rather difficult to justify because it is generally known that an
increase in addition of FYM is usually associated with an increase of water holding capacity, soil
aeration (reduction of soil bulk density), good root penetration and ramification and plant
nutrients. However, these results were completely reversed in the second season because the
addition of 10 tons FYM/ha invariably and statistically increased each of the marketable yield of
tomato, blossom end rot, sun scald and culls over their respective values of the addition of 5 tons
FYM/ha.

Table (3): Effect of FYM (ton/ha) on marketable yield of tomato (kg/ha), blossom end rot,
sun scald and culls (2014/15 and 2015/16).

FYM Marketable | Blossom | Sun Culls | Marketable | Blossom | Sun Culls
(ton/ha) yield end rot | scald yield end rot | scald
Season 2014/15 Season 2015/16

0 1260 1593 433 863 3833 80.5 661 3537
5 3359 2751 731 1603 6212 156.3 905 5796
10 1937 2138 672 1194 7466 231.2 1074 7957
S.E+ 504 386 112 244 342.9 46.73 276 1186.3
Slg NS NS NS * *%*%* *kx*x * *%*%
CV 17 31 35 34 16.6 30 31.4 20.6

*, *#% NS = Significant at P < 0.5, P <0.001 and not significant, respectively.

The data in Table 4 showed the insignificant effect of sulfur on the four studied traits in the first
season and this might be attributed to the late application of sulfur at fruit setting stage of tomato.
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Table (4): Main effect of sulfur on tomato marketable yield, blossom end rot, sun scalds and
culls, season 2014/15.

Treatment) Marketable Blossom  end | Sun scald (kg/ha) Culls (kg/ha)
Yield ( kg/ha) rot (kg/ha)

Sulfur (8.8 g/) 2194 2180 599 1180

Without sulfur 2176 2141 623 1260

S.E+ 87 157 50 99

Level of Sig. NS NS NS NS

%C.V 17 31 35 34

NS = Not significant.

The data of the effect of the three studied factors RP, FYM and sulfur on tomato 50% flowering,
plant height, number of branches per plant and percentage of total soluble solids (TSS %) are
presented in Tables (5, 6 and 7), respectively. As is evident from Table (5) the repellent plant had
only significant increase in the number of branches per plant in the first season.

Table (5): Effect of repellent plant on fruits of tomato, 50% flowering, plant height (cm),
branches/plant and TSS%, (2014/15 and 2015/16).

Treatment 50% Plant Branches TSS 50% Plant Branches TSS
Flowering | height | per plant % Flowering height per plant %
Season 2014/15 Season 2015/16
With RP 38 44.5 11 3.8 47.04 60.83 4 3.4
Without RP 40 42.8 9 4.1 47.50 56.49 4 3.4
S.Ex 0.3 0.7 0.2 0.1 0.274 3.33 0.19 0.064
Sig. NS NS * NS NS NS NS NS
C.V 3 8 13 22 1.2 5.7 4.7 1.9

*, NS = Significant at P < 0.5, and not significant, respectively

The data in Table (6) revealed that the control treatment in season 2014/15 invariably gave higher
values of each of 50% flowering, plant height and number of branches /plant than their respective
values of the 5 tons/ha and 10 tons/ha treatments. However, in season two the control treatment
only recorded higher values of 50% flowering and number of branches/plant over their
corresponding values of the 5 tons FYM/ha and 10 tons FYM/ha treatments. It was observed that
for all the studied traits the data of 5 tons FYM/ha and the 10 tons FYM/ha were very comparable
implying the futility of applying 10 tons FYM/ha.

Table (6): Effect of FYM (ton/ha) on tomato 50% flowering, plant height (cm),
branches/plant and TSS%, (2014/15 and 2015/16).

FYM 50% Plant | Branches | TSS% 50% Plant | Branches | TSS%
(ton/ha) | Flowering | height | per plant Flowering | height | per plant
Season 2014/15 Season 2015/16

0 40 45.3 11 4 48.69 58.6 4.1 3.4
5 38 43.0 9 4 46.75 58.7 3.8 3.5
10 38 42.7 10 4 46.38 58.7 4.0 3.4
S.E+ 0.6 1.1 0.3 0.1 0.323 3.03 0.32 0.17
Sig. NS NS * NS falalel NS NS NS
CVv 3 8 13 22 1.9 5.2 8.0 5.1

*, **% NS = Significant at P < 0.5, P <0.001 and not significant, respectively.

The effect of sulfur in the first season (2014/15) on 50% flowering, plant height, number of
branches per plant and %TSS was not significant (Table 7).
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Table (7):Effect of sulfur on traits of tomato (50% flowering, plant height, number of

branches/plant and %TSS) season 2014/15

Treatment) 50% Flowering Plant height No. of TSS

(days) (cm) branches/plant (%)
Sulfur (8.8 g/l) 39 43.5 11 4.1
Without sulfur 39 439 10 3.9
S.E+ 0.3 0.9 0.3 0.2
Level of Sig. NS NS NS NS
%C.V 3 8 13 22

NS = Not significant

A significant (P < 0.05) interaction between RP, FYM and S was reflected in the
branches per plant and %TSS in the first season (Table 8).

Table (8): Effect of repellent plant, farm yard manure and sulfur on traits
(number of branches/plant and %TSS), season 2014/15

number of

of tomato

Repellent plant CFYM Sulfur (g/l) Branches/plant TSS
(%)
0 0 12 4.0
With repellent 8.8 13 3.3
plant 5 0 11 4.0
8.8 9 4.3
10 0 11 4.0
8.8 11 3.3
0 0 12 3.3
Without 8.8 9 5.3
repellent plant 5 0 8 4.3
8.8 8 3.3
10 0 10 4.7
8.8 8 4.
SE+ 0.7 0.5
Level of Sig. * *
%C.V 13 22

* = Significant at P <0.05

Also a significant (P < 0.05) interaction was observed between FYM and S in plant height and
tomato fruits damaged by sun scald (Table 9), and between RP and FYM in the %TSS (Table

10).

Table (9):Effect of farm yard manure and sulfur on sun scald and plant height of tomato,

season 2014/15

CFYM (t/ha) Sulfur Sun scald Plant height (cm)
(9/1) (kg/ha)
0 0 449 42.3
8.8 417 48.3
5 0 572 44.1
8.8 889 41.8
10 0 778 43.9
8.8 566 415
SE+ 86 15
Level of Sig. * *
%C.V 35
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* = Significant at P <0.05

Table (10): Effect of repellent plant and farm yard manure on tomato TSS (%), season

2014/15
Repellent plant CFYM (t/ha) TSS
(%)
0 3.7
With RP 5 4.2
10 3.7
0 4.3
Without RP 5 3.8
10 4.3
SE+ 0.17
Level of Sig. *
%C.V 22

* = Significant at P < 0.05

Conclusions

1.
2.

3.

o

Tomato grown with repellent plant (coriander) recorded the high marketable yields.

The insignificant effect of sulfur on all studied traits of tomato may be attributed to its late
application at fruit setting stage.

Addition of 5 tons/ha of FYM was seemed to be quite enough for producing organic
tomato in the soil under investigation.

The results revealed the possibility of producing organic tomato in Gezira Vertisols.

The interactions between the three studied factors on all tomato traits were not significant
except for the number of branches and TSS.

Since the application of any chemical compounds is not allowed in the organic farming,
therefore for successful and sustainable organic production of tomato, the following
points shall be considered:

Transplanting of tomato seedlings is recommended at the end of October or first week of
November.

Good selection of a uniform site that not infested by weeds especially noxious weeds such
as Ankog and Nageila.

Recommendation

Based on the results of the present study, the application of 5 tons of FYM/ha coupled with
growth of coriander as a repellent plant are recommended for production of organic tomato under
the Remaitab none sodic phase of the Gezira Vertisols only on very small farms because huge
quantities of FYM for large farms at present are unattainable in Sudan.
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Abstract

The study was conducted in Gedarif state, Ghdambeliya area during the period (February-March)
2022, to assess the effect of shelterbelts on soil moisture, soil temperature and evaporation, where
three shelterbelts were chosen. Average heights of shelterbelts were measured to determine the
distance between the belt and the sites from which soil samples were taken; distances were,
5xheight, 10xheight, 15xheight, 20xheight, 25xheight and 30xheight behind the belt, distances in
front of the belt were, 2.5xheight, 5xheight and 10xheight; and one soil sample was taken from
inside the belt to describe the soil between trees, and one soil sample was taken from unprotected
area. The temperature was measured with a thermometer at a depth of 5 and 10 cm, also the
evaporation measured by beach tube inside the belt and unprotected area. The data was subjected
to analysis of variance and mean separation method using the software statstix-10 and SPSS.The
results showed that the soil temperatures inside the shelterbelts were significantly lower compared
to the soil temperatures in the unprotected area, also the results indicated that the soil moisture
inside the shelterbelts were higher compared to the soil temperatures in the unprotected area. The
result showed that the evaporation rate inside the belt was significantly reduced compared to the
unprotected area.

Keywords: Shelterbelts, Evaporation, Soil moisture, Soil temperature, Gadambalyia
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Introduction

The Gedaref state is the first part of the Sudan in which mechanized rain fed farming was
introduced. Mechanization first started in Ghadambaliya area north of the Gedaref state then
extended south and south west.(Ahmed, 2015). Shelterbelts planting began in Sudan in the forties
in many locations, including Nuri in the northern State and Gundato near Shendi, and in the fifties
Naishaishiaba belt was planted outside the city of Wad Medani, and in the sixties shelterbelts belts
were planted outside the city of Khartoum (Green Belt), (Abdelmagid and Eiman, 2010). The
shelterbelts should constitute about 10% of total mechanized farm area. Inclusion of shelterbelts in
the mechanized farming system started in 1994. (Elamin and Elmadina, 2014). Shelterbelts are
strips of trees, shrubs, and grasses planted in rows raised at right angle to the wind direction, to
reduce wind velocity and give general protection to roads, canals, agricultural fields, woody stems,
branches and thick foliage help reduce wind hazard (Nair, 1989). Shelterbelts are planted mainly
for protection against the damaging effects of winds and wind-blown sands. However they have
many benefits such as: Preventing soil erosion, improving the microclimate for growing crops,
vegetables and fruits and sheltering people and livestock, they can also serve other functions such
as fencing and boundary demarcation. Where wind is a major cause of soil erosion and moisture
loss in dry areas, windbreaks can increase and sustain crop productivity. Shelterbelts may also
supply wood and non-wood products. (Rocheleau et al.,1988). In arid regions, Shelterbelts save
the moisture (from rainfall or irrigation) in the soil. Al Motawa (1985) reported that protected soil
may have up to 7% more moisture than unprotected ones. He further stated that the reduction of
the evapotranspiration in the shelterbelts itself or adjacent plants are usually one of the most evident
effects of windbreaks not only during hot periods but alsoin cool wet ones. Reduction of wind
velocity reduces evaporation from both open water surfaces and soil surfaces, particularly during
seasons of high temperatures and can reduce water loss from irrigation canals and from sprinkler
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irrigation systems. Evaporation is the loss of water from open bodies, such as lakes, reservoirs,
rivers, wetlands and bare soil, but transpiration is the loss from living plant surface. Several factors
other than physical characteristics of the water, soil and plant surface are affecting the evaporation
process. The more important factors include solar radiation, surface area of open bodies of water,
wind speed, density and type of forest plantations, availability of soil moisture, root depth, reflected
land surface characteristics and season of year. Rain is considered the main source of irrigation in
mechanized rain-fed agricultural schemes in the study area, and the annual amount of rainfall is
not constant and mostly insufficient for successful cropping season, and the exposure of this water
to evaporation affects crop productivity.(Ahmed, 2015). Also soil moisture and soil temperature
affect crop productivity, shelterbelts play a major role in this field. This area was not addressed well
by previous studies, likewise in the irrigated schemes. This study can provide some information
that helps farmers and decision-makers to make use of how can shelter belts benefit rain fed
agriculture. The objectives of this study were to determine the effects of shelterbelts on soil
temperature, soil moisture and evaporation, in rain-fed agricultural schemes in Ghadambliya Area.

Material and Methods
Features and specifications of the selectedshelter belts

Gedarif State-Sudan, under consideration, lies southeast of Khartoum. It occupies, the southern
part of Kassala state in eastern Sudan. It lies between latitudes 12° 45" N and 14° 15' N and
longitudes 34° E and 37° E (Approximately). The areas under study isabout 45kms from Gedarif.
It lies between latitude 14° N and 14° -15° longitudes 35 ° E — 35.30 ° E (Ahmed and Desougi,
2015).Three shelterbelts were selected:The first belt in the northern area, Kilo 6, was 4 kilometers
long, 300 meters wide, and the distance between trees was 3 x 3 meters, and the predominant trees
wereAcacia seyal. The average height was 4 meters, and the average trunk diameter was 9cm, and
it was planted in 2008. The second belt in the northern area also has a length of 4.5 km and a width
of 400 meters. The distance between trees was 3x 3 meters. The average height was 4 meters and
the average trunk diameter was 9 cm, and the predominant trees are Acacia seyal, and it was planted
2008. The third belt is located in the central area. It is called Abu Jinnah belt. It was 3 km long and
200 meterswidth. The distance between trees was 5x 5 meters, the predominant trees wereAcacia
seyal.The average height is 3meter and the average trunk diameter was 7cm, and It wasplanted in
1998 Fig (1,2 and 3).
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Experimental design

Three lines were chosen in each of the three selected shelter belt. In each line, ten points were
identified at different distances according to height of the shelterbelt 2.5H, 5H and 10H on the
windward side;5H, 10H, 15H, 20H, 25H and 30H on the leeward side, and one pit was dug in the
middle of the belt to describe soil characters. Also three samples were selected in each shelterbelt
located outside the protected area. Suunto Clinometer was used for total tree height measurement
as recommended by Mohammed et al., (2022). Soil temperature were measured at depth of 5and
10 cm and soil moisture in each sample (33 samples) in each belt, (99 samples) in the three shelter
belts were considered for measurements. Soil samples were taken by the Auger device and
collected in plastic bags and transferred to the laboratory of the Mechanized Agriculture Authority
in Gedarif state to determinatesoil moisture using Moisture Analyzer (KERN DBS, 60-3) as
recommended by (Rasheed et al., 2022).The soil temperature was measured using the soil
thermometer in the field.Piche tubes at height 2m were used to estimate the amount of evaporation
inside the shelterbelt and unprotected area. Evaporation was measured twice a day, six in the
morning and six in the evening for five days.The data was subjected to analysis of variance and
mean separation method using the software statstix-10 and SPSS.

Results and discussion
Table (1). Mean soil moisture and soil temperature as detected in different shelter belts sites

Shelterbelts | Mean soil temperature 5 cm | Mean soil temperature 10 cm | Mean soil moisture

Kilo 6A 35.727 A 32.879 B 9.3094A

Kilo 6B 34.091 B 32333 B 9.3012 A
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Abugenah

35879 A

34.242 A

8.4670 B

P

0.008**

0.013**

0.011**

Note: Means carrying the same letters are not significantly different
P= probability, p> 0.05= not significant, P< 0.05, 0.04, 0.03, 0.02= *, P<0.01, 0.001, 0.000 = **

Table (1) showed that the highest soil temperature for both depths 5 and 10 cm was recorded in
the Abu Jinnah Shelterbelts compared to Kilo 6A and Kilo 6B belts which was recorded the lowest
soil temperatures, and this is attributed to the narrow and short height of the Abu Jinnah belt
compared to the rest of the Shelterbelts. Also the study reported that the lowers moisture content
was recorded in the Abu Jinnah Shelterbelts compared to Kilo 6A and Kilo 6B shelter belts. The
result coincided with that reported by(Fengmin Luo et al., 2021) Who stated that under the
influence of a large-scale shelterbelts, air temperature, land ground temperature and evaporation
respectively decreased 5.13% ~ 24.74%, 2.38% ~ 20.09% and 7.06% ~ 17.68%.

Table (2) Effect of distance from the shelterbelts on soil moisture and soil temperature

Area Distance from the | Mean soil | Mean soil | Mean Soil
belt (m) temperature temperature moistures (%)
5¢cm(c®) 10cm(c®)
Windward 10H 38.778 A 35.889 A 8.930 AB
Windward 5H 37.444 AB 34.556 ABC 8.3156 B
Windward 2.5H 38.889 A 34.889 AB 8.8889 AB
Leeward 5H 33.889 CD 32.333 CD 8.6878 AB
Protected area | [ eeward 10H 33.333 D 32.222 CD |9.0144 AB
Leeward 15H 32.889 D 32.778 BCD |9.6833 A
Leeward 20H 33.111 D 32.778 BCD 9.2900 AB
Leeward 25H 32.556 D 31.333 D 9.4278 AB
Leeward 30H 32.222 D 30.444 D |9.5600 A
Inside the | Inside Belt 35.778 BC 31556 D 9.1400 AB
shelterbelts
Un protected Un protected 38.667 A 35.889 A 8.3467 B
P 0.000 ** 0.000 ** 0.342 n.s
Grand mean 35.23 33.15 9.02
CV % 7.16 7.9 14.11

Means carrying the same letters are not significantly different
C.V = coefficient of variation, n.s = not significant
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Table (2) showed that the soil temperature behind the Shelterbelts ( Leeward) and inside the
shelterbelts were significantly lower compared to the soil temperatures in front of the shelterbelts
(Windward) and the unprotected area, this indicates the clear effect of the Shelterbelts on lowering
the soil temperature. There is also a similarity between the temperature of the belt area and behind
the shelterbelts at windward 5H.On the other hand, there were no significance differences between
the inside belt and windward 2.5H, 5H and 10H.These results are in agreement with the findings
of Osman (2010) andFengmin Luo et al.(2021) who reported that Soil temperature is reduced
behind shelterbelts compared with unprotected ground. Also, the results showed that there were no
significant differences between the different distances2.5H, 5H and 10H behind the shelterbelts.
Also, there were no significant differences between the different distances behind the shelterbelts
(Leeward)5H, 10H, 15H, 20H, 25H, and 30H at both depths. Whereas, at a depth of 10 cm, the
results showed that the soil temperature of the Behind the belt (leeward side) and the Inside the
shelterbelts area decreased significantly compared to the unprotected area and the In front of the
Shelterbelts area(Table2). And the results also showed that the temperature at a depth (5) is higher
than the temperature at a depth (10). Also the results indicated that the soil moisture inside the
shelterbelts was higher compared to the soil temperatures in the unprotected area. These results are
in agreement with the findings of Osman (2010).

p=0.016

Evaporation (cm)
=
wu

/
inside the bm

unprotected area

Figure (4) Evaporation inside the shelterbelt and unprotected area
*= significant different

Figure (4) showed that the evaporation rate inside the shelterbelt was significantly reduced
compared to the unprotected area. Similar results were observed by (Fengmin Luo et al., 2021)
who found that the evaporation showed a downward trend inside shelterbelt. Generally the
reduction of wind velocity reduces evaporation from both open water surfaces and soil surfaces,
particularly during seasons of high temperatures and reduce water loss from irrigation canals and
from sprinkler irrigation systems (Dongsheng et al., 1999).

The stability of the microclimate was maintained and natural disasters were reduced by shelterbelts
(Zhang et al., 2011). Our results showed that under the influence of a large-scale shelterbelts, air
temperature, ground temperature and evaporation decreased significantly. The microclimate of
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shelterbelts was conducive to the overwintering of plants and kept them from the damage of high
temperature in summer. Therefore, it played a vital role in plant growth, nutrient accumulation and
quality improvement (Fang et al., 2020). The relative humidity was found to be increased in some
studies by 0.5% ~ 18.6%, whereas the evaporation was also decreased 18.4 ~ 12.828 mm by
shelterbelts in the northeastern edge of Ulan Buh Desert. This played a positive role in increasing
soil moisture and inhibiting crop transpiration, thereby increasing crop yields and improving the
soil quality in long time (Fang et al., 2020)

Saturated water vapor was formed when the temperature inside shelterbelt was lower than that
outside shelterbelt. The canopy blocked the exchange of airflow between inside and outside
shelterbelt. In addition, the water vapor diffusion from inside to outside shelterbelt was reduced by
the decrease of wind speed, which resulted in a higher relative humidity inside than outside
shelterbelt(Yang,1993).

Conclusion

1-Microclimate was improved by shelterbelts in Ghadambaliya area, including soil moisture,
Soil temperature and evaporation inside shelterbelt.

2- Influence of large-scale shelterbelts was better than narrow-band shelterbelts in terms of
their impact on soil temperature and soil moisture.
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Abstract

In Sudan, wheat is considered as one of the main strategic crops beside sorghum and millet. It
contributes to rural and urban livelihoods and food security. The gap between the production and
consumption of wheat is still large and exceeds 100% of the total production, which leads to the
burden of the high import bill. This research deals with some important macro and micro
economic aspects that aim to support opportunities for expansion of wheat production in Sudan
within the framework of its competition in the cropping structure. While the analysis of its
content benefited from the available secondary data and information in relation to the subject, it
was largely based on a field survey conducted in the year 2021 targeting the main three States of
wheat production in the country namely, Gezira, Northern and River Nile States. The sample size
and data collection are fully representing the different agricultural systems was determined by
using the multi-stage stratified sample technique. The survey consists of a questionnaire directed
to samples of wheat growers in the selected areas. The study also looks to draw the relevant
policy options for increasing wheat production, trade and development. Moreover, it applies
scientific research methods to achieve its aims. Policy Analysis Matrix (PAM) was used to
analyze the effects of government policies, competitiveness and comparative advantage on the
wheat production. Descriptive statistics also used to illustrate the potential and feasibility of the
crop. Finally, the study concluded that wheat import bill constitutes a huge burden, which
requires providing support for wheat expansion by raising wheat productivity to the highest
levels through advance technologies utilization, providing wheat subsidies for storage to benefit
from the high prices after harvest, which raises the profitability of wheat to compete with the
profitability of other crops and supporting prices of inputs at wheat production areas.

Keywords: Wheat economics, wheat import, policy options, Sudan.
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Introduction
The Republic of Sudan is the third largest country in Africa, covering an area of approximately

1,886,068 km? and divided administratively into 18 states. Sudan had a population of 41.8
million inhabitants in 2018, according to the Central Bureau of Statistics of Sudan, and its
economy revolves mainly around traditional agriculture and livestock husbandry. Agriculture is
the backbone of the Sudan’s economy and is crucial for the country’s food security. Although
between 1960 and 2020 agriculture ranked second to services in terms of contribution to real
gross domestic product (GDP) each adding, respectively 35.2% and 48.7%; recently, it
generates47.4% of employment with 69% of the own-account businesses operating in the sector.
Accordingly, the sector is not only the main source of livelihood for the majority of population,
but it is also the main employer of skilled labor. About 35.7% of skilled workers reported
operating in the sector in 2014 compared with 11% skilled workers engaged in the services sector
(ERF, 2021). Sudan’s agriculture is distinguished by three crop production systems: the irrigated,
mechanized rain-fed and traditional rain-fed farming systems.

Sudan is one of the most vulnerable to climate change countries as more than two thirds of the
population and twelve states out of the country eighteen states are fully located on drylands, i.e.,
depending entirely on rainfall for their livelihood. Productivity of the main food and cash crops in
the three crop production systems is very low compared to the regional, international and national
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research standards (Osman and Ali, 2010). The agriculture sector is expected to regain its role as
a key source of foreign exchange. The loss of oil revenues in 2011 after the separation of South
Sudan has been followed by resurgence in agriculture’s share in the country’s exports, reaching
55% in 2019 as reported by the United Nations International Trade Statistics Database, and
helping cushion some of the impact of the loss of oil revenues. This improvement has been
mainly led by the good performance of major agricultural export commodities like livestock,
sesame, gum Arabic, and cotton. For at least three of Sudan’s key exports sheep, goats, and gum
Arabic—the ability to export in processed forms presents significant upside potential. Overall,
the agricultural trade balance remains negative due to the high food import bill, which mainly
goes for imports of wheat and wheat flour, sugar, and oils (World Bank 2015). Compares the
performance over the agricultural and the oil eras, as seen, the average value added share of
industry has increased by 8.9 percentage points.

Wheat (Triticum spp.) cultivation in the world goes back into history. It was one of the first
domesticated food crops and for 8,000 years has been the basic staple food of a high portion of
civilizations in the world and continues to be the most important food grain source for humans.
The crop is occupied over 240 million ha than any other commercial crop and the annual global
production exceeds 0.6 billion tons. World trade for wheat is greater than for all other crops
combined, and it provides more nourishment for humans than any other food source.

Although sorghum and millet are considered as the traditional cereals for Sudanese households’
consumption, but nowadays the majority have changed towards the wheat consumption in the
form bread in its different forms. It contributes to rural and urban livelihoods and food security.
Over the past two decades, wheat production, which is almost entirely irrigated, has been
fluctuating and declining due to declining yields and soaring input costs. Since the end of 1990s
decade, the Government liberalized agriculture and removed all support programs. Those policies
have affected a lot of wheat growers to consider wheat as a secondary crop and extend the
lucrative cash crops areas, such as legumes, pulses and vegetables. No doubt wheat importation
constitutes the largest burden among agricultural food imports and a major discount to the
country's modest foreign exchange resources. In 2020, wheat imports quantity for Sudan was
2,200 thousand tones. According to the data of the Bank of Sudan, the average quantities of
imported wheat and flour during the last decade amounted to 2,181,113 tons (wheat equivalent)
with an average value of $890.436 million. The wheat bill during that period constituted an
average of 42% of the value of food imports and 10% of the total value of the country's imports.
This research has been carried out in the year 2021 targeting the main three States of wheat
production in the country namely, Gezira, Northern and River Nile States. The region is
considered as one of the most promising areas in the country, it is enjoing relatively cooler weather
during the winter season and retiched fertile alluvial soils, moreover, it has a comparative
advantages compared to other parts of the Sudan in producing relatively high-value agricultural
crops. Nile River is known as one of the longest rivers in the world, it is considered as the main
source of irrigation water for the agricultural cultivated areas, particularly for the mentioned
winter crops production which are considered as the principle crops for farmers and agricultural
companies in the region, while the summer and autumn season crops are ranked after them due to
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some environmental advantages and some economical aspects. The farming system of the States is
consisted numerous types of irrigated schemes such as the public irrigated schemes, forien
investmet schemes, agricultural companies, private and cooperative schemes with different
production relationship systems. These schemes are regarded as main potential ones for
developing agriculture in general and specifically to produce winter season crops due to their
high acreage share, possess capital, mechinaries, and comprise high number of farmers. The
research sellected the River Nile and the Northern States where agricultural schemes include
governmental, private, cooperative schemes. The research obsarved some critical constraints
regarding determination of crop combination in area of the study. These problems contribute
mainly to the low levels and fluctuation of winter crops yield include inadequate practices of
crops technical packages used by farmers, misuse of agricultural resources, stress caused and
inflicted by changing of environmental and climatic conditions especially temperature beside the
widespread of different diseases, insects, pests, weeds and power failure that a companied by lack
and high cost of fuel and spare parts to operate the pumps. Numerous research mentioned that the
high cost of production coupled with low levels of crop yields and instable source of power has
contribute to difficult for the tenants to realize the full potential of the State. In addition,
development is considered by serious limitation on the two basic resources namely, land and
water. Regarding irrigation water in the State, there were many hindrances contributed to
inefficiency of irrigation water use and affected crop production in the irrigated schemes in RNS
such as inadequate supply of irrigation inputs in proper time and at right prices. Generally,
improvement of the farming system in the region considering climatic change, food security and
economic requirements of the local populations is regarded as a great challenge for researchers,
policy makers, scientists, agricultural administrators in public and private sectors, related
organizations, and investors. Finally, the study was applied PAM analysis approach to examine
the impact of government policies on wheat production to evaluate the contribution of the sub-
sector to economic empowerment. Furthermore, PAM might help policy makers in comparisons
of before and after the policy change as well as measures policy impacts. It shows successful
public investment when raise the value of output or lower the cost of inputs. Also, it is a simple
tool and powerful to communicate with policy makers for preparing agriculture strategies
particularly in developing countries as well as with donor support such as World bank, UNDP
and others.

Methodology

This research deals with some important macro and micro economic aspects that aim to draw the
relevant policy options for increasing wheat production, trade and development and to support
opportunities for expansion of wheat production in Sudan within the framework of its
competition in the cropping structure. While the analysis of its content benefited from the
available secondary data and information in relation to the subject, it was largely based on a field
survey conducted in the year 2021 targeting three states of wheat supply in the country namely,
Gezira, Northern, and River Nile States. The sample size and data collection are fully
representing the different agricultural systems in the areas of the study, it was determined by
using the multi-stage stratified sample technique. The survey consists of a questionnaire directed
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to samples of wheat growers in the selected areas. The study utilized both primary and secondary
data and employed PAM to analyze the collected data. PAM defined as a mathematical
framework that helps divide the commodity system into its essential components, namely, private
profitability estimated at special prices (prices in the local markets), social profitability calculated
at social prices (prices in the world markets), and the difference between the two measures of
profitability. The policy analysis matrix is specifically designed to analyze market distortions and
price policy interventions and their impacts on the commodity system. Where, inputs divided into
non-tradable inputs that not internationally traded, such as services and land where the demander
and the producer must be in the same location (Jenkins and Harberger, 2011), and tradable inputs
that are internationally traded, such as seed, fertilizer, pesticide, etc. It is a policy analysis tool
based on a very simple and basic equation. PAM helps policy makers by addressing three central
agricultural issues: ‘Profit = Revenues — Costs’. Agriculture Policy Environments Estimation is
based on private (financial prices) and social prices (economic). Impact of new public investment
mostly the divergence between two types of profitability comes from policy intervention.

Data collection: The research depends on both primary and secondary data. The primary data
were obtained mainly from interview by using a structured questionnaire beside field observation.
Data collected included inputs requirements, market prices for inputs and outputs, transportation
cost and returns. The secondary data were obtained from relevant sources; it included production
aspects, import and export information and the exchange rate.

Sampling technique: Multi-stage sampling technique was applied for selecting respondents. The
first stage involved the purposive selection of the main states of wheat production in the country
namely, Gezira, Northern and River Nile States. The questionnaire was designed with the aim of
collecting primary data for the sample chosen for the study targeting River Nile and Northern
States. The questionnaire aimed to captures the suitable information that attains the objectives of
the study. Due to the absence of official records for farmers in the two states, the research noticed
that most of the farmers within the agricultural pattern are homogenous (i.e. similar, irrigation
technology system, crop combination, inputs, ....), and after referring to the numbers of farmers
as well as other similar previous studies in the States under the study, a sample size of 450
farmers was selected from the three States, 150 respondents for each state and distributed over
the different agricultural schemes. The sample of the Gezira State was totally collected from the
Gezira Scheme, while for the River Nile State was collected from Al Ddamer locality and
implied four districts, namely Al-Damer, Al-Makabrab and Al-Alayab, and from Berber locality,
also information was collected from the Al-Kafaa-Al-Rajhi scheme, representing the different
farming systems in the State. The same procedure was employed in the Northern State where a
sample size of 150 farmers was selected from the schemes in Dongola locality with focusing on
four districts, namely Al-Gould and Al-Manasir Al-Jadidah, and Al-Dabbah (EI Daman El
Egtimai Scheme).

Analytical technique: The policy analysis matrix is a quantitative mathematical, analytical
method and used to analyze comparative advantage by measuring the impacts of governmental
intervention policies and market distortions on the vertical commodity system or commodity
chains from farm to final consumption and export point. The PAM is a matrix of two accounting
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identities; one set defining profitability and the other defining the difference between private and
social values of a commodity system. The framework of PAM is shown in Table 1.

Table 1: Policy Analysis Matrix (PAM)

Tradable inputs | Revenue Production Cost Profit Revenue
Tradable inputs Domestic factor

Private price A B C D

Social price E F G H

Policy transfer | | J K L

Source: Monke and Pearson, 1989
Private profitability (D) = A - (B+C)
Social profitability (H) =E - (F+G)

Output transfer (h=A-E
Input transfer J)=B-F
Factor transfer (K)=C-G

Net policy transfer (L)=D-H

The main equations and calculation methods of the Policy Analysis Matrix:

Private Profitability (D): The private profitability demonstrates the competitiveness of the
agricultural system given current technology, prices of inputs and outputs, and policy. Measures
A, B, C, and D, it is the difference between private (observed) revenue (A) and private costs
(B+C) values at actual market prices (private values) received or paid by farmers, marketers or
processors in the agricultural system. The private profitability calculations show the
competitiveness of the agricultural system, given current technologies, output values, input costs,
and policy transfers. The private values implicitly included the effects of all policy interventions
in both direct and indirect subsidies, taxes, and all market distortions and failures (Pearson and
Monke, 1987).

Social Profitability (H):The social profitability is a measure of comparative advantage and
efficiency because inputs and outputs are valued in prices that reflect scarcity values. It is the
measured at social prices, which is the differences between social revenues (E) and social values
costs (F + G) of domestic factors and tradable inputs prices at social opportunity cost (social
values). Social values provide a benchmark policy environment for comparison as these were
considered those that would hypothetically occur in free market without policy intervention
(Pearson and Monke, 1987).

Social Cost Benefit Ratio (SCBR): A good alternative for the DRC is the social cost-benefit ratio
(SCBR), which accounts for all cost and avoids classification errors in the calculation of DRC
(Masters and Winter-Nelson, 1995).

Nominal Protection Coefficient (NPC):is referring to the level of protection of the main
product.This is used to determine the relationship between the market price and the shadow price
of the products (Fabian, 2005). This can be calculated for the output and input. Moreover, if the
NPC is more significant than 1, the system takes advantage of the protection and if less than one
the system is subject to taxes ,where NPC is the ratio of the revenue in the private prices (A)
compared to the income of the social costs (E). While the Effective Protection Coefficient
(EPC)is referred to as the overall level of protection, taking into account the impact of policies on
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the value of tradable products and tradable inputs, it is the ratio of value-added in private market
prices (A — B) to value-added in social market costs (E — F). EPC, another indicator of incentives,
is used to measure the degree of policy transfer from product market-output and tradable-input-
policies. EPC nets out the impact of protection on inputs and outputs, and reveals the degree of
protection accorded to the value added process in the processing activity of the relevant
commodity (Samarendu and Jagadanand, 2003). Profitability coefficient (PC) or Policy Transfer
is measure policy reflection on the profitability of the system. If PC greater than 1, the system
benefits from net transfers from the sector, but if it is smaller than 1, the economy benefits from
net transfers from the system, price must be explained by the effects of policy or by the existence
of market failures (Pearson et al., 2003). Distorting policies that lead to an inefficient use of
resources enhance the stated divergence.

There are three indicators used for comparisons of the relative efficiency or comparative
advantage among to agricultural commodities. The first indicator is the domestic resource cost
DRC: is a measure of relative efficiency of domestic processing by comparing the opportunity
cost of domestic processing to the value generated by the product. The ratio can be used to
compare different economic activities in terms of social cost of domestic resource employed in
earning or saving a unit of foreign exchange. If the DRC is smaller than 1, the system has a
comparative advantage, which means that we use local resources of lower value than global
resources. If the DRC is greater than 1, the system does not have a comparative advantage, and
social profitability is negative where it is the ratio of the non-tradable inputs in the social prices
(G) compared to value-added in social costs (E — F). Another indicator of the system’s
comparative advantage, it takes into account the full cost of production of the social prices (F +
G), which is more appropriate for the relative position of the different systems when they have
different cost structure (tradable and non-tradable). Where DRC is biased in favor of the system
containing on a larger scale of tradable inputs, but the Social costs benefit SCB calculated
dividing the total costs in the social prices on the revenues of the social prices (F + G)/E

Financial cost-benefit (FCB) is a competitive system index, if FCB is smaller than 1, the system
is competitive, and if it is greater than 1, the system is not competitive and the financial
profitability is negative. FCB is the ratio of Non-tradable inputs (C) to value-added in private
prices (A — B).

Nominal Protection Coefficient on Output (NPCO): The NPCO shows how much domestic
prices differ from social prices and it is calculated by dividing the revenue in private prices (A)
by the revenue in social prices (E).

Nominal Protection Coefficient on Input (NPCI): The NPCI shows how much domestic prices
of tradable inputs differ from their social prices. This ratio indicates the impact of policy transfers
that cause a divergence between the two prices. The NPCI on tradable inputs in wheat production
is therefore defined as private price of input (B) divided by social price of input (F).

Subsidy Ratio to Producers (SRP): Subsidy ratio to producers (SRP) is the net policy transfer as
a proportion of total social revenues. The SRP shows the proportion of revenues in world prices

that would be required if a single subsidy or tax were substituted for the entire set of commodity
and macroeconomic policies (Christo, 2010).
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Results and Discussion
Policy Matrix Analysis

The research looking to build components estimates of policy analysis matrix (PAM). The
calculation of production inputs costs and revenues at private and social prices would ease the
filling of the rows and columns of the sample. The matrix built based on the production of one
feddan and State level, and the average of the sample SDG/fed of the wheat production, Table2
shows the results of the policy analysis matrix for the production of wheat in Sudan 2020 on at
State level. To determine the private profitability of wheat, the first row in the PAM, private
budgets by market prices were calculated. The study was evaluated the total revenue, the total
cost and the gross profits were calculated for wheat in all states.

The research compared wheat private budgets in all States of the study, Gezira, River
Nile State and Northern States; the results of the matrix indicate that the wheat in the States
are profits earned to the producers in the private prices, where D values were positive. was
more profitable in River Nile State than Gezira and Northern States and it was more
competitive as illustrated in Table (2).

The study also determined the second row for PAM namely, the social profitability (H)
of wheat. The calculation of the social (efficiency) prices will reflect the import parity
prices of inputs and outputs, decompose non-tradable inputs into their private and
social prices, estimate the social prices (opportunity costs) of factors and calculate the
capital recovery costs of fixed assets. To avoid quality differentials in wheat outputs
international prices, a unit value was used as the reference prices for the different types
of wheat. The units’ values were calculated as the value of the imported commodity
divided by the total quantity imported to Sudan. The unit value data come from
Sudan's Custom Statistics Book. To get their free on board prices (F.O.B), the cost of
insurance and freight, which obtained from shipping companies or fright forwards in
Port Sudan, was subtracted. The costs of all non-tradable inputs (goods and services)
should be decomposed into their tradable inputs and domestic factor cost components.
These costs, standardized on units such as hours or measures of volume or weight, then
can be substituted into the appropriate components of the Private and Social budgets.
The researcher decomposed tractor and its thresher services.

Pearson et al. (2003) declared that because of the complexity of possible market
failures and distorting policies affecting rural credit, it is virtually impossible to
measure the extent of these divergences. In principle, social return to capital is
represented by the rate of return on the next public or private investment. In Sudan the
commercial banks were determined the private interest rate of capital around 10% per
year. The social opportunity cost principle was followed to find the social cost of land
cultivated by wheat in its best alternative crops that more profitable like onion and
sorghum. The researcher estimated the capital recovery cost of a pump as a common
fixed asset owned by farmers. Table (2) depicted that the price policy does not encourage
to the efficient use of domestic resources, while the results also revealed that the divergences
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revenues (1) were positive in all the States matrices of the study, which were the results of the
difference between the private prices revenues (A) and the social prices revenues (E). That
means the private revenues are higher than the social revenues of all the matrices, which
indicates the high government intervention for wheat subsector in Sudan, resulted from the
government intervention through making the price of the wheat production in a local price
higher than global price, and market failures. The divergences of non-tradable inputs (K) were
zero for labor in the results of the matrix for all the provinces, which means that the labor
inputs in social prices are equivalent to tradable inputs in private prices, which indicates that
there is no any subsidy or tax on non-tradable inputs. The positive value of the net effect (L)
resulted in policy matrix analyses Table 2 for every State of this study indicates that the wheat
production in Sudan is more profitable for producers with market distortions than the
profitability without market distortions. Government intervention policies in the wheat
commodity system reflected on the output prices, which are for the benefit of domestic
producers for short-term (Mohammed, 2015).

Table 2: The results of the policy analysis matrix for the production wheat in Sudan

Cost
Tradable | Revenue | Tradable Non-tra(_jable B Profits
State Inputs Inputs (Domestic Resources)
Labor Capital Land
Private 20,105,625 | 11,011,11959 | 32248 | 2450 | 321,690 | 8,738,117
Gegira |- SOCHI 1,887,944 | 111,541 32248 | 3,920 | 334070 | 1,406,164
Divergences | 18,217,681 | 10,899,578 0 -60,000 | -12,380 | 7,390,483
Private 28,879,555 | 24,69927599 | 119,387 | 3,679 | 299.270 | 4,057,214
River Nile| gocjq] 4,663,976 | 239,549 119387 | 3,920 | 1,049,250 | 3,251,871
Divergences | 24,215,579 | 24,459,727 0 -60,000 | -749,980 | 565,831
Private 28445471 | 2445976678 | 156,123 | 3,898 | 315710 | 3,825,684
Northern |-50¢ia 4,354,656 | 77,681 156,123 | 3,898 | 780,000 | 3,336,954
Divergences | 24,090,815 | 24,382,085 0 -60,000 | -464,290 | 233,020

According to the estimated policy analysis matrix for wheat subsector in Sudan, shown in Table
2 for the matrix of the States and the average of the total sample. We can calculate the
protection coefficients and comparative advantage measures, which are economic indicators
that can measure the impact of government intervention on inputs and outputs prices and
market failures, as well as the resources use efficiency. Table (3) shows States' PAM results
interpretations and their indicators, which have been calculated as follow:

The Profitability Coefficient (PC)

PC used to measure policy reflection on the profitability of the system. If PC greater than 1, the
system benefits from net transfers from the sector, but if it is smaller than 1, the economy
benefits from net transfers from the system, where it is the ratio of the profit in the private
prices (D) compared to the advantage of the social prices (H) (Pearson et al., 2003).

The PAMs of wheat as illustrated in Table (2) shows positive private and economic
profitability in all States and the private ones were greater than the social ones. That
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indicated high rates of private profitability coefficients as depicted in the Table and
The Gezira State was higher than others States. However, Hussien (1992) studied
wheat and sorghum competitiveness and profitability in Gezira scheme in the period
(1986/87/1989/90); he found that wheat proved to have more private and economic
profitability than sorghum from both the farmers and government point of view.
While Ali (2002) assessed the profitability of wheat production in the Gezira scheme
during 1991/92 (self-sufficiency-year), he mentioned that it used its domestic
resources efficiently based on adoption of the recommended technical packages and
enhancement of the suitable government policies. The obtained results were also
matched with (Ibrahim, 1993) in River Nile and Northern States, they were greater
than one. As a result, the average of Sudan was found greater than one, indicating
profitability.

International Value Added (IVA)

Ali (2002) evaluated three successful seasons of wheat production in the Gezira
scheme and Northern States between1992-1995.His study was computed the IVA, it
revealed that wheat had international absolute competitiveness. In addition, wheat
highly outstripped sorghum with its positive IVA in the Gezira scheme as Hussein
(1992) stated in his study, moreover, the same results were found for River Nile and
Northern States in the study of Ibrahim (1993). IVA of wheat shows foreign exchange
earnings or savings and hence they were internationally competitors in all States of the
study, because they were positive as illustrated in Table (2).

Nominal Protection Coefficient on Inputs (NPCI)

The NPCI shows how much domestic prices of tradable inputs differ from their social prices.
This ratio exceeds one for wheat in all States of the study and indicating high implicit
taxes. In Gezira, River Nile and Northern States the NPCI ratios were greater than one
by 99%, 103% and 315%, respectively with an average of 140% in the whole Sudan
that revealed very high implicit taxes. In general, these results interpretations pointing
to high cost of private prices of tradable inputs than its social prices, meaning of
policies distortion caused due to high taxes or an appropriate exchange rate that lead
farmers’ losses. That enhances Osman (2004) declaration that Sudan has not been
providing huge subsidies to its agriculture.

Nominal Protection Coefficient on Outputs (NPCO)

The NPCO shows how much domestic prices differ from social prices. The research unveiled
that the NPCO ratios of wheat in Gezira, River Nile and Northern States were higher
than one by 11%, 6% and 7%, respectively with an average of 7% in the whole country
indictor. Most output transfer caused by distorting polices-trade restrictions or
taxes/subsides- and disequilibrium exchange rates arising from macro-economic
policies that are not in balance. The private output prices of were higher than their
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social prices that probably come from implicit taxes, indicated that farmers had been
received an implicit subsidy in producing wheat.

Effective Protection Coefficient (EPC)

EPC is one of the indicators of incentives, is used to measure the degree of policy transfer from
product market-output and tradable-input-policies. This ratio is greater than one for wheat
in Gezira State only. That shows positive impacts of incentives that represented in
subsidy to farmers in outputs prices. Ali (2002) found that NPC and EPC ratios
indicated the existence of subsidies on wheat inputs in the Gezira scheme during
1996/97 and 1997/98. NPC ratios were of 1.61 and 1.03 for seasons 1996/97 and
1997/98, respectively. EPC ratios were 2.18 and 1.10 respectively for the same seasons
while EPC > NPC ratio revealed that 0.57% and 0.07 taxed wheat inputs in seasons
1996/97 and 1997/98, respectively. NPC and EPC ratios in the Northern Region for
season 1999/2000 were 1.60 and 1.72 respectively while EPC > NPC indicated that the
government taxed wheat inputs in that season. Hussein (1992) concluded that the
nominal and effective protection coefficients implied that wheat faces equal rates of
nominal and effective protection, but sorghum is more taxed in real terms than in
nominal terms. The subsidy ratio for producers of cereals indicated inefficient subsidy
policy. The overall finding is that the price policies of wheat and sorghum provided
relative disincentives for their production and resulted in their non-competitiveness in
the period between 1986- 1990 in the Gezira scheme. While, in the River Nile and
Northern States were less than one which implicated no subsidy of wheat output and
that, on contrary of Ibrahim (1993) findings.

The Domestic Resource Cost Coefficient (DRC)

DRC is a measure of relative efficiency of domestic processing by comparing the opportunity
cost of domestic processing to the value generated by the product. DRC ratio reflects the
country's comparative advantages, not only with respect to capital, land and labor, but
also within agriculture. The results of the study in Table (2) shows that the DRC ratios
of wheat in all States were less than one; indicating that the value of domestic
resources used to produce them were less than their values added in social prices.
Production of wheat in these States, therefore, represents an efficient use of the
country's resources. This result was consistent with Ali (2002) findings of wheat in the
Gezira scheme as well as the Northern States. The DRC ratio values “less than unity”
indicated that the crop used its domestic resources efficiently throughout the period
studied in the States of the study. The crop was more competitive in the Northern
States than in the Gezira State. These results also were consistent with Ibrahim (1993)
outcomes in the River Nile and Northern States two decades ago.

Table 2: Indicators of the policy analysis matrix for the States of the Study

Indicator Gezira River Nile Northern SUDAN

PC 6.214151225 1.247655125 1.247655125 2.12090652
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IVA 1,776,402 4,424,428 4,276,974 3,492,601
NPCI 98.72 103.11 314.87 140.33
NPCO 10.64948307 6.19204591 6.532197728 7.09944664
EPC 5.119620441 0.944818027 0.931898112 1.64733835
DRC 0.20842014 0.265018805 0.219786353 0.23799775

Conclusion and Recommendation

The Policy Analysis Matrix (PAM) methodology was used to determine the level of
competitiveness in the production of wheat in the three states in the normal season of
2020/21.The study results showed that wheat was more competitive in all states. The
results of agricultural policy analysis of the wheat subsector growers in the States of the study
showed that wheat generates private profits in all State under the Study namely, Gezira,
Northern and River Nile States, indicating wheat had positive private and economic
profitability and the private ones were greater than the social ones. They were
internationally competitors and realized foreign exchange earnings. The results of
NPCI ratios generally showed high cost of private prices of tradable inputs than its
social prices, meaning of distorting policies caused due to high taxes or an appropriate
exchange rate those lead farmers’ losses. While, NPCO ratios results showed that the
private output prices of wheat were higher than their social prices that indicted farmers
had been received an implicit subsidy in producing wheat. The EPC ratio in Gezira
state shows positive incentives effects represented in subsidy to farmers in outputs
prices while they were negative in other states and a positive one in an average in
Sudan. Production of wheat had comparative advantage in all states; therefore,
represent an efficient use of the country's resources. Based on the finding of the study
one may recommend the following with regard to wheat subsector:

(1) Credit is necessary to shifts production. So; the government should ease accession
to credit and loans to spur agriculture development. Although the Agriculture Bank
supply wheat farmers with improved varieties, fuel, fertilizer and help them in land
preparations, but most of them came late which result in low productivity that swamps
farmers in debts and increases their tendency to migrate to cities in search of wage
labor.

(2) The government should decrease indirect taxes (value added, customs and
standards fees...etc.) of tradable inputs like fertilizers, chemicals, fuel and spare parts.

(3) If the government wants to persist with its food security policies, higher
productivity gains will have to occur in wheat production, or else large wheat imports
will take place and because any noneconomic target is inherently costly, the policy
makers should use macroeconomic instruments to make wheat production
economically attractive.
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Effect of Goal 24% EC and Stomp 500 EC on Weed Control,
Growth, Yield of Fenugreek (Trigonellafoenum-graecum) in Northern

State, Sudan
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Abdel Haleem Nasur Kheyri

Faculty of Agricultural Science, El Selaim, University of Dongola
Correspondent author: mukhtarazizm@gmail.com 0122843150 & 0911162653 & 0920345890

Abstract

This research was conducted during two consecutive winter seasons of the years2018/19 and
2019/20 at the Demonstration Farm of the Faculty of Agricultural Sciences- EI Selaim —
ShergElneel Unit - Dongola Locality - Northern State, located within Latitude 16° and 22° N, and
Longitude 20°and 32° E to evaluate and compare the effect of two herbicides Goal (oxyflourofen)
24%E. C.at 1.7, 2.4 and 2.5 kg. a.i/fed., and Stomp (pendimethalin) 500 E. C., at 1.7, 2.5 and 3.4
kg.a.i/fed., applied pre-emergenceon weed and yield of Fenugreek to determine the most suitable
weed control treatment to achieve high yield. Results showed that, broad-leaves weeds were
predominant in the experimental site. Goal herbicide was the best for controlling narrow leaved
weeds while Stomp herbicide was the best for controlling broad-leaved weeds. Goal at 2.4 and
2.5 and Stomp at 2.5 and 3.5 kg a. i./fed significantly reduced weed biomass (g/m?). The high rate
of Goal herbicide (2.5 kg a. i./fed) achieved least weed biomass (g) and was followed by the high
rate of Stomp (3.5 kg a.i./fed). The high rate for each herbicide Goal (2.5 kg a.i./fed), Stomp (3.5
kg a.i./fed) and continuous hand weeding full season significantly increased growth parameters,
number of pods/plant and the yield (kg/fed.). Combined analysis of both winter seasons indicated
that, weed competition for fenugreek crop significantly reduced seed yield (kg/fed.) by 33.33%.
The research reported that, the high rate for each herbicides Goal (2.5kg/fed.) and Stomp (3.4
kg/fed.) were the best.

Keywords: Stomp, goal, pre-emergence, weed competition
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