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Abstract: The aim of this study is to assess the varigbiind differences in seed
germination, early seedling growth and water efficly amongAcacia senegal provenances
from the central clay plains of Sudan. Twelve lamad throughout the clay part of the gum
belt were identified as seed sources according@tgaphical discontinuity and differences in
annual rainfall. Three irrigation intervals (evehyee, six and twelve days) were applied. To
estimate the transpiration rate three bags in eadmented bed were kept without seedling
and treated like the other bags in the same bethioamy seedlings. All bags were weighed
before and after irrigation allowing 5 minutes fdrainage of excess irrigation water.
Transpiration was calculated according to the atimn treatments schedules from the
differences in water loss between the bags witmtplaand those without plants. The
irrigation interval had significant effect on gemation percentage and seedling growth. The
root/shoot ratio increased with the prolonged atign schedule. This indicated that the
seedlings have tendency to allocate more dry mittére root system and increase its growth
and biomass as an adaptation against the dry eodittons. However, there were some
significant differences on the growth parameterghi@ interactions between the irrigation
treatments and the hashab provenances. Most gifrtivenances showed close transpiration
rate with some exceptions. The water use efficieatyhe seedlings from the different
provenances also varied and showed significanterdiffces. This study concludes that
seedlings ofAcacia senegal have variability in growth performance. Also theedlings
growth is checked by the moisture availability ire tsoil and seedlings with high drought
tolerance maximize the use of the moisture to bibgr biomass.
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in short grass on dark cracking clay of the
Central and Eastern Sudan, it is not usually
Acacia senegal (Hashab) is an important found as pure stands as on the sands. It
forest tree species in Sudan due to itswater requirement appears to be
economical and ecological benefits. It intermediate betweeAcacia mellifera and
produces gum arabic and contributes toAcacia seyal, and it is usually found mixed

combating desertification (Warragt al., with one of these species (Batlial., 1989).
2002) and provides a wide range of products

including fuel wood and fodder (Ahmed,
2005). It is found on sandy and clay plains

Introduction

The central clay plains of the Sudan exhibit
considerable variation in rainfall throughout
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its geographic locations. Accordingly, world (Guehlet al., 1994; Farquhar, 1997;
Acacia senegal geographical sources may Winteretal., 2001).

have interacted and adapted to the
environmental and soil conditions of each of
geographical locations (Ahmed, 2005).
These environmental interactions and
adaptations might have been phenotypic
variations among the populations grown in
the different geographical locations of the
central clay plain.

The aim of this study was to assess the
magnitude of variability and differences in
seed germination, early seedlings growth
and water use efficiency among the
provenancesf Acacia senegal in the central
clay plains of the Sudan. Specific objectives
were to: assess and monitor the seed
germination, early seedling growth, monitor
Water-use efficiency describes a plant’s the transpiration rate and compute the water
photosynthetic production rate relative to use efficiency of hashab from different
the rate at which it transpires water to the provenances subjected to different irrigation
atmosphere. It is a measure of plantregimes.

performa_nce that has long been of interest tOMateriaIs and Methods

agronomists, foresters and ecologists

(Bacon, 2004). In cropping systems, Seed sourcesTwelve provenances from the
improving water-use efficiency presents a clay plain of the gum belt were identified as
means of increasing crop production in theseed sources according to geographical
face of finite water supplies (Richaretsal., discontinuity and differences in annual
2002). In forestry systems, water-use rainfall (Table 1). The provenances were
efficiency is a critical link between wood chosen to represent the natural range of
production and water management. Inhashab in clay soils. The locations were:
global-change research, water-use efficiencyAbu Jebeha, Gulhak, Bout, Abu Gumai,
links the carbon and water cycles of Khor Dunia, Mazmoum, Abu Dolau,
terrestrial vegetation, and is expected toKarkoj, Hawata, Qala en ahal, Houri, and
increase in a future high carbon dioxide Rwashda .

Table 1. Location and rainfall (mm) within the geogaphical seed sources ohAcacia

senegal .
Provenances Longitude Latitudée Rainfalf (mm)
Abu Jebeha 31° 00" E 11-°00"N 697.2
Gulhak 32°40"E 11° 00" N 726.2
Bout 33°33"E 11° 48" N 592.2
Abu Gumai 34° 25" E 11° 35" N 700
Khor Dunia 34° 05" E 11°- N 678.7
Mazmoum 33°35"E 12° 10" N 625
Abu Dolau 32°45"E 12° 25" N 489.8
Karkoj 34° 00" E 13° 00" N 600
Hawata 34° 24" E 13° 30" N 589.7
Qala en ahal 35°00"E 14° 36" N 672.7
Houri 35° 06" E 14° 02" N 544.8
Rwashda 35°42"E 14° 14" N 597.4
*Source

1: Forest National Corporation
2: Mechanized farm administration for ElgadntisEl Damazin

The seed were collected from ten randomly The selected trees were at least 100 meters
selected trees in a forest in each location.apart. Pods were collected from each tree
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separately and the seeds were extractedranspiration measurements

manually and cleaned from debris .The Three bags were weighed before and after
clean seed from the trees of each sourcarrigation allowing 5 minutes for drainage of

were bulked together. excess irrigation water, including those with

and without seedlings. Transpiration was
calculated according to the irrigation

treatments (every three, six and twelve days)
from the differences in water loss between

provenances and irrigation levels viz every the bags with seedlings and those without

three, six and twelve days. Nine cementedSeeolllngs
seed beds were assigned for the study an(lP ata analysis
divided into three replications and the three Analysis of varianceANOVA was carried
irrigation  treatments  were  assigned using JMP statistical package version
randomly to beds in each replication. (3.2.2). Comparisons among the means were
Polyethylene bags (20 cmx20 cm) were made according to Tukey-Kramer HSD at
filled with clay soil and three seeds from 0.05 level of significance.
each provenance were sawn in each bagR

esults
Different provenances were assigned
randomly within each cemented seed bed.Irrigation frequency had significant effect
Each source was represented with 84 bag§p=0.0001) on the seed germination
arranged in row plots in the seed bed. Inpercentage oAcacia senegal after six days
addition, three bags without seeds werefrom seed sowing until 54 days (Table 2).
included in each cemented bed and treatedlhe differences were more noticeable after
similarly to other polythene bags with seeds12 days. The germination percentage
and later on with seedlings. The beds wereincreased significantly from irrigation every
flood irrigated immediately after seed 12 days to 6 days to 3 days. The effect of the
planting and thereafter according to the irrigation interval onshoot height, shoot
assigned irrigation treatment for each bed. weight, root weight and root to shoot ratio
Germination count was also significant (Table 3). The seedlings
Seed germination was counted every 6 dayshoot height showed significant variation
after sowing for 54 days. Thereafter, the among theAcacia senegal provenances at
seedlings were thinned to one per bag andhe three months only (Table 4) while no
the surface of the soil for each bag was Significant differences were observed in the
covered with polyethylene sheet of the sameother growth parameters (Table. 5Jhe
material of the polythene bags. interaction between the irrigation treatments
Sampling and measurements and the provenances was significantly not
Seven seedlings per each provenance pe@lifferences for some growth parameters.
replication per irrigation regeme were taken The differences in root fresh weight (Table
randomly at age 3 and 6 month from seedS) are more noticeable on the seedlings
sowing and measured for shoot length usingsubjected to 6 or 12 days irrigation
cm-graded ruler. Also, after six months schedules. ~ The  cumulative  water
from sowing seven seedlings per transpiration (water use) of the seedlings for
provenance per replication per irrigation the twelve geographical sources during the
regeme were randomly taken and harvestedexperiment period is illustrated in Figure 1.
The harvested seedlings were separated tblost of the seedlings showed close
shoot and root and weighed, then oven driedranspiration rate with some exceptions
at 80C and weighed using sensitive (Figure 2).
balance.

Layout and design of the experiment:

The experiment was conducted at the
Forestry Research Center nursery at Soba
The treatments comprised the twelve
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Table 2: Effect of irrigation interval on seed gernination percentage ofAcacia senegal.

Irrigation | Day 6 Dayl2| Dayl8| Day24 Day30 Day36 Day4 Day48 | Day54

3 days 14.95a] 43.78a 59.26a 60.6PDa 61.18a 61|74a05&62 62.25a| 62.253
6 days 8.50b 29.830 42.51p 43.78b 44.44b 45.01b 8285| 46.49b| 46.37b
12 days 11.21c| 17.21¢ 17.20c 28.69c 29.80c 30.B7&.948 | 36.09c| 36.72¢
P= 0.0001| 0.0001 0.0001 0.0001 0.0001 0.0001 0.900@OO0Q. 0.0001

Table 3: Effect of irrigation interval on shoot (cm) and root biomass (g) ofAcacia senegal

Irrigation Height Height Shoot | Shootdry| Root Root dry Root/Shoot
Schedule (cm) (cm) fresh weight fresh | weight (g) ratio
3 months 6 months weight (9) weight
(9) (9)
3 days 40.81a 67.66a 66.804 36.194 36.94a 20.00a 69b 0.
6 days 36.50b 64.16b 45.36b 25.86b 30.10p 16.62p 81a0.
12 days 31.01c 58.14c 41.15c 23.05¢c 25.90c 14.56¢ .82a0
P= 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Means with the same letters in the same colummatreignificantly different at p= 0.05 Tukkey-

Kramer HSD.

Table 4: Seedlings mean height (cm) of 3 and 6 mdnbld Acacia senegal of provenances

Provenances Height after 3

months Height after 6 months
1- Abu Jebeha 35.06 ab 62.00 ns*
2- Gulhak 33.21b 58.64 ns
3- Bout 35.43 ab 63.63 ns
4- Abu Gumai 38.12 a 68.88 ns
5- Khor Dunia 36.77 ab 60.05 ns
6- Mazmoum 34.54 ab 60.77 ns
7- Abu Dolau 35.76 ab 63.19 ns
8- Karkoj 36.94 ab 64.78 ns
9- Hawata 36.29 ab 64.20 ns
10- Qala en Nahel 36.88 ab 62.64 ns
11- Houri 36.89 ab 65.44 ns
12- Rawashda 37.56 ab 65.75 ns
P-value 0.06 0.2

Means with the same letter in the same column atrsignificantly
different at p= 0.05 Tukkey-Kramer HSD. *ns= najrsficant
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Table 5: Mean weights of some growth parameters @cacia senegal seedlings from different
provenances subjected to different irrigation schedles.

Root fresh weight (g)

Root dryveight (g)

Provenances Shoot fresh weight | Shoot dry weight (g)

)]

3d |[6d |12d [3d |6d [12d [3d |6d [12d [3d |6d [12d

IR |IR |IR |IR |IR |R IR |IR |[IR |IR |IR |R
AbulJebeha | 64.30] 404 39.23 34/l 2484 21/04 3230682 | 20.78| 17.6] 17.64 11.88
Gulhak 47.71] 38.95 3358 25.6B 2344 17.44 32(15058 22.21| 17.58 15.94 12.23
Bout 81.76 | 31.09] 41.99 43.94 19.64 23.66 40|90 325.29 | 21.36| 13.79] 14.24
AbuGumai | 73.80| 36.53 50.00 42.61 22.46 277 411088 [29.17| 21.52] 16.01] 16.9
Khor Dunia [ 79.00 | 53.74 44.7P 436l 32.57 2445 (6.31.91 | 24.61| 19.34 18.44 13.71
Mazmoum 62.28| 5751 37.50 32.79 34.64 2059 34.66233|25.24| 18.54 19.86 13.6p
Abu Dolau 66.98 | 44.04 30.24 37.51 27.08 18.85 3882.61 | 21.63| 21.74 13.31] 12.1f
Karkoj 73.76 | 43.04] 4556 38.18 25.16 24.09 43/40.226] 32.51| 22.71] 14.68 12.69
Hawata 65.31| 45.5] 39.1B 3398 25.716 12|8 38/00 426.84.96 | 21.19] 15.63| 13.8%
QalaEINahe  [61.00 | 33.08] 38.11 33.68 20.25 22.19 36/44 23[34.68%520.17]13.98] 14.83
Houri 65.63 | 41.44| 49.27 35.4] 25.60 28.46 3281 35|46 1&28.17.84]20.56 | 15.65
Rawashd 60.08 | 46.21| 44.43 33.42 30.0p2 26.25 3711 3P 30.80.44 [18.34 | 17.94

P= 05| 07| 08 04 01 O0F 008 01 02 02 022
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Figure 1: Cumulative transpiration of Acacia senegal seedlings of twelve different provenances.
Thevertical bar-line indicates + the experimental &ndard error
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Figure 2: Water use efficiency (VUE) of Acacia senegal from twelve provenances. The
vertical bar-line indicates + the standard error ofthe mea

Discussion increases in root respiration rate. Also,
McLarenl and McDonald (2003) had Barton and Montagu (2006) showed similar
similar findings for the effects of watering results in Eucalyptus and attributed the
intervals on germination of tree species.increase in the shoot root ratio to the
Also, the present results are in agreemenincrease in the adventitious roots. Also,
with the findings of Bebawi and Mohamed significant differences were found on the
(1982) on somdé\cacia species, where they interactions between the irrigation
concluded that maximum germination can treatments and the geographical locations
be obtained using daily irrigation. Although, for some growth parameters. This finding
the germination percentage for the irrigation might be attributed to some environmental
treatment of every 12 days is lower than theand genetic differences inherited in the
other two treatments, but still considerable seeds from different locations (Warrat
(ranging from 11.2% to 36.7 after 6 and 54 al., 2002).
days from sowing, respectively. This may Houri
. ) ouri
refleqt. the adaptability of the species to dry transpiration rate, highest water use
conditions.

efficiency among all the sources. There
The present study showed that the growth ofWere evidences of strong association

the Acacia senegal see_dlmg_s was ch_eck_e_d between the efficient use of water and the
by the shortages of soil moisture availability drought tolerant species (Cravest al

a_nd the root/shoot ratio was significantly 2010). These results support the findings of
higher for the treatments of 6 days and 12Raddad and Luukkanen (2006) on the
days irrigation intervals as compared to 3adaptive genetic variation in water-use-

days. interval. This indicates that the efficiency ofAcacia senegal provenances.
seedling have a tendency to allocate more

dry matter to the root system and increaseConclusions and Recommendations

the growth and biomass as a strategy tolThis study concludes that the seedlings of
adapt to the dry soil conditions. Lt al., Hashab Acacia senegal) from twelve
(2004) showed that drought increases thegeographical sources, representing the clay
shoot-root ratio and that was associated withpart of the gum belt, are variability in some

provenance exhibited the lowest
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growth parameters like shoot height. This Farquhar GD., (1997). Carbon dioxide and
can be attributed to the environmental-  vegetationScience278 1411

genetic interaction that is intrinsic in the Guehl JM, Picon C, Aussenac G, Gross P.
seeds to perform in the future. Also the (1994). Interactive effects of elevated
seedlings growth is checked by the moisture  CO2 and soil drought on growth and
availability in the soil and seedlings with transpiration  efficiency and  its
high drought tolerance maximize the use of  determinants iftwo European forest tree
the moisture to build their biomass. It is species. Tree Physiology 14:707—724.
recommended that the study need to beLiu HS, Li FM, and Xu H. (2004).
verified further by physiological data Deficiency of water can enhance root
coupled with some cytogenetic and respiration rate of drought-sensitive but
biotechnology techniques to distinguish the  not drought-tolerant spring wheat.
genetic variation between the sources of the  Agricultural Water Management 64 (1)

Hashab seeds. 41-48.
McLarenl K. P and McDonald M.A.
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