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Abstract Agroforestry is a common traditional
practice in China, especially in Southern Xinjiang,
Northwest China. However, the productivity of many
agroforestry systems has been lower than expected in
recent years. We chose an apricot (Prunus armeniaca
L.)/wheat (Triticum aestivum L.) intercropping system
to investigate the influence of apricot tree shade
intensity on the grain yield and quality of intercrop-
ping wheat in Southern Xinjiang Province. We found
that the mean daily light intensity in the east-row,
inter-row, and west-row positions (apricot trees were
planted in north—south orientation) in the intercrop-
ping systems decreased by 61.5%, 42.2%, and 63.6%,
respectively, compared to the monoculture wheat.
Correspondingly, the mean daily photosynthesis rate
decreased by 52.0%, 28.4%, and 38.8%, respectively.
The total florets, fertile florets, total spikelets, fertile
spikelets, and grain yield and its components
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(including spike number, grains per spike, and thou-
sand grain weight), and the total N and P contents of
intercropping wheat in apricot-based intercropping
systems were all significantly decreased compared to
monoculture wheat. However, the protein content and
wet gluten content of intercropped wheat were signif-
icantly increased compared to monoculture wheat. We
did not find significant differences in any parameters
among east-row, inter-row, and west-row positions in
intercropping systems.

Keywords Agroforestry - Photosynthetically active
radiation - Photosynthetic rate - Fertile florets -
Nutrient content - Protein content

Introduction

Agroforestry is an effective approach for land use,
because the net effect of interactions between woody
and herbaceous components is typically positive over
the long term. Agroforestry is often promoted because
it provides a number of environmental services
including enhancing soil nutrient, reducing nutrient
leaching, improving soil erosion, increasing soil
organic carbon, and affecting the soil microbial
community (Evers et al. 2010; Bergeron et al. 2011;
Rivest et al. 2013; Alam et al. 2014). Intercropping of
trees with crops has been practiced in China for
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centuries and is an important method for ensuring food
security (Yang et al. 2009; Hong et al. 2017). For
example, in the Loess Plateau region, young fruit trees
and annual crops are a widely used agroforestry
system for reducing soil erosion and water loss, and
increasing economic benefits (Gao et al. 2013). In the
North China Plain, Paulownia trees are usually
intercropped with wheat or bean species to enhance
the suitability of the microclimate (Zou and Sanford
1990).

In most tree-based intercropping systems, compe-
tition for light between trees and crops is the main
reason which caused the reduction in crop yield (Artru
et al. 2017). Lack of light is a major constraint that has
affected stability of the structure and function of
agricultural ecosystems. Kittur et al. (2016) found that
low understory photosynthetically active radiation
(PAR) is the dominant factor reducing growth of
turmeric in dense, compared to widely spaced, bam-
boo stands. In apple-based intercropping systems, the
total aboveground biomass and yield of peanut and
soybean had highly linear correlations with PAR (Gao
et al. 2013). In Xinjiang Province, the understory seed
cotton yield under almond trees decreased by 66.9%,
compared to monoculture cotton (Yang et al. 2009).
Jose et al. (2000) observed that maize yields were
reduced by 35% when alley-cropped with black
walnut.

In 2012, the total area of fruit trees reached more
than 1 million hectares in Southern Xinjiang, North-
west China (National Bureau of Statistics of China
2013). Intercropping systems based on fruit trees are
favored by the local population because the fruit can
be used to increase food security. However, the
productivity of crops intercropped with fruit trees in
many agroforestry systems has been lower than
expected in recent years, putting pressure on the local
economy (Gao et al. 2013; Zhang et al. 2017).
Optimizing positive interactions while minimizing
negative interactions between trees and crops requires
a mechanistic understanding of belowground and
aboveground interactions. In the present study, we
experimentally compared growth in monocrop or an
intercrop wheat (Triticum aestivum L.) under apricot
trees (Prunus armeniaca L.) to examine aboveground
competitive interactions and identify likely response
mechanisms. Apricot tree and wheat were selected
because of their importance as main economic and
food crops. The objectives were to determine whether
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apricot trees had any significant effects on wheat
growth and yield through shading, and whether apricot
tree affected the quality of intercropped wheat.

Materials and methods
Experimental design

Field experiments were conducted in 2011 and 2012 in
four villages of Zepu County (38°05'N, 77°10'E),
Kashi Prefecture, Xinjiang Uygur Autonomous
Region, China. Chemical properties of the soil are
presented in Table S1. The experimental design was a
field experiment, comprising monoculture wheat (7.
aestivum L. Xindong-20) and wheat intercropped with
10-year-old apricot trees (P. armeniaca L. Saimaiti),
and the rootstock is Armeniaca sibirica. Row distance
was 0.13 m in wheat. Apricot trees were planted in
north—south orientation. The basic information of
apricot trees is shown in Table S2. The apricot-based
intercropping wheat strip was 5.07 m wide (the wheat
strip is divided equally into three regions: east-row,
inter-row, and west-row positions), and the distance
between the apricot tree to the nearest wheat row was
0.965 m (Fig. 1). The apricot tree occupied 27.6% of
the gross area. The area of monoculture wheat and

(a) Monoculture wheat
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Fig. 1 Planting patterns in monoculture and the apricot-wheat-
based intercropping system; the figure is schematic and does not
represent the actual number of wheat rows. Er, east-row
position; Ir, inter-row position; Wr, west-row position
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apricot tree intercropping systems was 0.4 hm?>. The
sown density of monoculture wheat and apricot tree-
based intercropping wheat was all 4.25 x 10° plants
per hm?.

In 2010, monoculture wheat and apricot-based
intercropping wheat were all sown on October 8, 2010,
and harvested on June 11, 2011, and in 2011, sown on
October 3, 2011, and harvested on June 9, 2012. All
fields were fertilized with farmyard manure (15,000
kg ha™!, N:P,05:K,0 = 0.37%:0.41%:0.46%), urea
(275 kg N ha™ "), triple superphosphate (150 kg P,
Os hafl), and potassium sulfate (150 kg K,O hafl).
All the farmyard manure and 40% N fertilizer and all
the P and K fertilizer were applied homogeneously
throughout the fields before sowing wheat. The
remaining 60% of the N fertilizer was applied when
wheat reached the stem elongation stage. Apricot
trees were not fertilized during the whole growth
periods.

Harvest and analysis

Wheat was harvested when mature. In 2011 and 2012,
6.5 m> (5.0 m length x 1.3 m width) of monoculture
wheat and 6.76 m? (4 m x 1.69 m for east-row, inter-
row, and west-row positions, respectively) of wheat in
an apricot-based intercropping system were harvested.
There were five replicates. Samples were immediately
dried on a sunny area on the ground to thresh seeds (in
order to calculate wheat yield). To make wheat
samples more representative, 2-m-long samples of
intercropped wheat from three regions were harvested
to estimate the total spike number and grains per spike,
and then, all samples were threshed for seeds to
estimate thousand grain weight and harvest index. The
stalks (without grains) and grain samples were
digested in a mixture of concentrated H,SO, and
H,0,. N concentrations were determined using the
micro-Kjeldahl method and P concentrations by the
molybdo-vanado-phosphate colorimetrical method
(Fixen and Grove 1990). In 2011, 15 plants for each
replication were selected to calculate stalk biomass at
overwintering, reviving, jointing, booting, anthesis,
filling, and maturity stages, respectively, and the stalk
samples were heated at 105 °C for 30 min and then
oven-dried (72 h, 75 °C).

Florets and spikelets

In both years, ten main spikes from each replicate,
which flowered on the same day and were the same
size, were destructively harvested to investigate total
florets, fertile florets, total spikelets, and fertile
spikelets.

Photosynthetically active radiation measurement

Light penetration was measured using a SunScan
Canopy Analysis System (Delta-T Devices, Cam-
bridge, UK), and the measured position was just above
wheat (values indicate the photosynthetically active
radiation (PAR) transmitted by fruit trees and incident
over the wheat canopy) and underneath wheat (values
indicate the PAR transmitted fruit trees and wheat
canopy getting to the ground surface, TPAR) canopy.
The 64 light sensors of the SunScan measured
individual levels of PAR and TPAR, which are
transmitted to a PDA and expressed as pmol m™2 s~ .
SunScan readings were taken when the sky was clear
to avoid the interference of the clouds at the filling
stage of wheat in 2011. One measurement was
performed every 2 h from morning at 09:00 until late
afternoon at 19:00. The measurement positions were
taken in the central part of each area (east-, west-, and
inter-row position). An average value was calculated
from two positions (the 64 light sensors were placed in
north—south and east—west orientations) per replicate
positioned.

Photosynthetic parameters

The net photosynthetic rate (Pn) of the flag leaves was
determined with a LI-6400XT Portable Photosynthesis
System (LI-COR, Inc., USA), and the readings are
taken when the sky was clear to avoid the interference
of the clouds at the filling stage of wheat in 2011. The
measurements were conducted under traditional open
system and under controlled conditions with a CO,
concentration of 380 pmol m~2 s~'. The net photo-
synthesis was measured under the actual PAR incident
at the time of measuring. One measurement was
performed every 2 h from morning at 09:00 until late
afternoon at 19:00. An average value was calculated
from three flag leaves per replicate positioned.
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Grain quality analyses

Grain protein content (%) was determined using a near-
infrared reflectance analyzer (FOSS-1241, Near Infra-
Red Reflectance, Sweden), and wet gluten content was
determined using Glutomatic 2200 (Perten Instruments,
Huddinge, Sweden) calibrated based on official AACC
methods (AACC International 2010).

Statistical analysis

One-way analysis of variance (ANOVA) was per-
formed on all datasets using SPSS 16.0 for Windows
(SPSS Inc., Chicago, IL). Significant differences
between monoculture and agroforestry and within the
three positions in agroforestry were determined with
Duncan’s multiple range test at the 5% level. Standard
error between the replicates was also calculated.

Results
Light interception

Diurnal variation of photosynthetically active radia-
tion (PAR) and transmitted PAR (TPAR) in both the
apricot-based intercropping system and the monocul-
ture wheat had a single peak curve with time (Fig. 2).
The PAR of apricot-based intercropping system was
significantly lower than that in the monoculture wheat
during the same period (Fig. 2a). TPAR, which
indicates the PAR transmitted by fruit trees and wheat
canopy and getting to the ground, was significantly
lower than PAR, and all TPAR values were lower than
200 pmol m~2 s~ (Fig. 2b). In the apricot-based
intercropping system, due to the influence of the solar
azimuth, the east-row position received higher PAR
and TPAR in the post meridiem, whereas the west-row
position correspondingly received higher PAR and
TPAR in the ante meridiem.

Photosynthetic rate

The apricot-based intercropping wheat and the mono-
culture wheat showed a single peak curve with time for
diurnal variation of photosynthesis rate (Pn). The Pn of
monoculture wheat was higher than the intercropping
wheat (Fig. 3). For example, in the intercropping
system, Pn of intercropped wheat in the east-row,
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Fig. 2 Daily changes in photosynthetically active radiation
incident over the wheat canopy (PAR) and that transmitted to the
ground (TPAR) for wheat in apricot—wheat intercropping
system and monoculture wheat at the filling stage in 2011.
Mono, monoculture wheat; Er, east-row position; Ir, inter-row
position; Wr, west-row position

inter-row, and west-row positions was reduced on
average by 52.0%, 28.4%, and 38.8%, respectively,
compared to monoculture wheat. Similar to the
findings for PAR, intercropped wheat in the east-row
position had higher Pn in the post meridiem, and west-
row position had higher Pn in the ante meridiem.

Stalk dry weight

Stalk dry weight was significantly higher in monocul-
ture wheat than in all positions (east-row, inter-row,
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Fig. 3 Daily changes in photosynthesis rate (Pn) of wheat in
apricot—wheat intercropping system and monoculture wheat at
the filling stage in 201 1. Mono, monoculture wheat; Er, east-row
position; Ir, inter-row position; Wr, west-row position
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and west-row positions) of apricot-based intercropped
wheat (Fig. 4). There were no significant differences
among the three regions during the whole growth
period (P < 0.05). Stalk dry weight was reduced, on
average, by 21.4% for wheat in the apricot-based
intercropping system compared to monoculture at the
mature stage.

Florets and spikelets per spike

In both years, total florets, fertile florets, total
spikelets, and fertile spikelets of monoculture wheat
were significantly higher than intercropped wheat
(except total spikelets in 2012) (Table 1). For exam-
ple, in intercropped wheat, total florets, fertile florets,
total spikelets, and fertile spikelets were reduced, on
average, by 25.5%, 25.8%, 4.3%, and 9.0%, respec-
tively, in 2011, and by 26.6%, 38.2%, 4.3%, and
17.9%, respectively, in 2012 compared to monocul-
ture wheat. There were no significant differences in
total florets, fertile florets, total spikelets, or fertile
spikelets of wheat in either year among east-row,
inter-row, and west-row positions of intercropped
wheat (Table 1).

Wheat yield components

In 2011 and 2012, the spike number, grains per spike,
thousand grain weight, and net yield were significantly
higher in monoculture wheat than in apricot-based
intercropping wheat (except grains per spike in 2011).
No significant differences were observed in either year
for these characteristics among east-row, inter-row,
and west-row positions (Table 2).
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Fig. 4 Stalk dry weight of wheat in apricot-wheat intercrop-
ping system and monoculture wheat at different growth stages in
2011. Mono, monoculture wheat; Er, east-row position; Ir, inter-
row position; Wr, west-row position

N and P contents

In both years, the N and P uptake of wheat in
monoculture was significantly higher than west-row
position in apricot-based intercropping systems
(Table 3). We did not find significant differences in
N and P uptake among the three positions (east-row,
inter-row, and west-row positions) in 2011 and 2012
(P < 0.05).

Grain quality traits

In 2011 and 2012, the protein content and wet gluten
content of wheat in apricot-based intercropping sys-
tems were significantly higher than monoculture
wheat treatments (Table 4). In both years, the protein
content and wet gluten content of wheat were not
significantly different among east-row, inter-row, and
west-row positions in the apricot-based intercropping
systems.

Discussion

Photosynthetically active radiation
and photosynthetic rate

Light is a primary limiting factor in agroforestry
systems, and light availability highly influences the
growth of intercropped crops (Chirko et al. 1996). Gao
et al. (2013) observed the PAR at 0.5 m and 1.5 m
distance to the tree row was reduced by 17.9% and
10.4% in apple—soybean intercropping treatment,
respectively, and reduced by 17.8% and 5.4% in
apple—peanut intercropping treatment. Similar results
were reported for gliricidia/maize (Makumba et al.
2007), walnut/maize (Jose et al. 2000), and bam-
boo/turmeric (Kittur et al. 2016) studies in temperate
agroforestry systems. Our results showed that the
detected PAR and TPAR values of intercropped wheat
were significantly lower than monoculture wheat.
Considering the three inter-row positions, the PAR of
east-row and west-row positions was significantly
lower than the inter-row position (Fig. 2). Pn reduc-
tion depends on the shade intensity and the distance to
the tree rows (Reynolds et al. 2007). For example, the
understory Pn of cotton decreased by 70.2% compared
to monoculture cotton in almond/cotton intercropping
system in Xinjiang Province, China (Yang et al. 2009).
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Table 1 Florets and spikelets of wheat in apricot-wheat intercropping system and monoculture wheat in 2011 and 2012

Year Treatment Total florets (n/spike) Fertile florets (n/spike) Total spikelets (n/spike) Fertile spikelets (n/spike)
2011 Mono 113.2 £+ 6.6a 67.1 £ 6.4a 21.8 £ 0.8a 20.7 £ 0.9a

Er 85.1 + 6.2b 50.3 £ 5.8b 209 £ 1.0b 19.0 £ 1.2b

Ir 85.0 + 5.6b 50.7 £ 5.5b 209 £ 1.1b 18.9 £ 0.9b

Wr 83.0 + 7.3b 48.8 + 6.1b 20.8 £ 0.6b 18.6 £ 0.5b
2012 Mono 111.0 £ 5.7a 66.1 £ 3.1a 21.1 £ 1.5a 20.7 £ 1.3a

Er 82.4 + 5.2b 424 4+ 4.2b 20.1 £+ 1.1a 16.7 £ 1.1b

Ir 82.9 4+ 4.4b 42.1 £ 3.4b 20.4 + 0.5a 17.6 £ 1.3b

Wr 79.0 + 2.4b 38.1 + 2.0b 20.1 + 0.7a 16.7 + 0.8b

Data are from 10 main spikes per replicate
Mono, monoculture wheat; Er, east-row position; Ir, inter-row position; Wr, west-row position

Across all data, values with the same letter within each column are not significantly different among treatments (P < 0.05)

Table 2 Yield components of wheat in apricot—wheat intercropping system and monoculture wheat in 2011 and 2012

Year Treatment Spike number (10°/hm?) Grains per spike Thousand grain weight (g) Harvest index Net yield (kg/hm?)

2011 Mono 654 + 140a 39.1 £ 2.6a 42.1 £ 1.9a 0.518 8114 £ 87%a
Er 452 £ 77b 37.0 £ 2.4a 344 £ 1.9 0.439 5759 + 688b
Ir 512 £ 52b 379 £ 3.1a 354 £ 2.1b 0.432 6196 + 605b
Wr 461 £ 36b 372 +£33a 347 £ 2.1b 0.434 5635 + 608b
2012 Mono 637 £ 89a 38.8 £ 4.5a 373 £ 3.1a 0.452 7506 + 695a
Er 401 + 76b 323 £2.7b 25.6 £3.3b 0.372 4332 £ 700b
Ir 441 £ 59 331 +£39% 26.7 + 2.5b 0.389 4826 £ 433b
Wr 387 £ 62b 32.0 £4.0b 25.1 £2.0b 0.353 4280 £ 678b

Mono, monoculture wheat; Er, east-row position; Ir, inter-row position; Wr, west-row position

Across all data, values with the same letter within each column are not significantly different among treatments (P < 0.05)

Table 3 The N and P contents of wheat in apricot—wheat intercropping system and monoculture wheat in 2011 and 2012

Treatment 2011 2012
N content (kg/hmz) P content (kg/hmz) N content (kg/hmz) P content (kg/hmz)
Mono 191 £+ 9a 299 + 34a 189 &+ 7a 29.4 + 0.3a
Er 161 + 16ab 25.3 4+ 3.4ab 146 + 31b 20.1 + 4.0b
Ir 174 £+ 17ab 26.9 &+ 1.9ab 158 + 16ab 22.9 + 0.3b
Wr 158 + 18b 23.8 + 2.8b 142 + 4b 20.1 +2.2b

Mono, monoculture wheat; Er, east-row position; Ir, inter-row position; Wr, west-row position

Across all data, values with the same letter within each column are not significantly different among treatments (P < 0.05)

Gao et al. (2013) observed a positive linear relation-
ship between distance from the apple tree rows and net
photosynthetic rate. The Pn of intercropped wheat was
significantly influenced by the apricot tree shade

(Fig. 3). Pruning and spacing could decrease shade
intensity and enhance Pn of intercropped maize
(Friday and Fownes 2002). Meanwhile, canopy

@ Springer



Agroforest Syst (2020) 94:477-485 483
Table 4 The grain quality of wheat in apricot-wheat intercropping system and monoculture wheat in 2011 and 2012

Treatment 2011 2012

Pro (%) WG (%) Pro (%) WG (%)

Mono 12.8 £+ 0.4c 28.6 = 1.0b 12.7 + 0.2b 28.2 & 1.0b
Er 15.7 £ 0.4a 328 £ 0.7a 16.2 + 0.5a 36.1 £ l.4a
Ir 14.4 £ 0.3b 31.7 £ 1.0a 15.5 £ 0.9a 359+ 1.5a
Wr 152 £ 0.2a 329+ 0.9a 16.1 £ 0.5a 372 £ 1.9a

Mono, monoculture wheat; Er, east-row position; Ir, inter-row position; Wr, west-row position; Pro: protein content; WG: wet gluten

content

Across all data, values with the same letter within each column are not significantly different among treatments (P < 0.05)

porosity, trunk height, tree space, and fertilization
significantly affect Pn of intercropped wheat as well.

Florets and spikelets

The grain number per spike is determined by the
number of florets and spikelets per spike. Initiation and
development of spikelets and florets in wheat are
influenced by shading (Nasehzadeh and Ellis 2017;
Toyota et al. 2001). Gardner et al. (1985) found a
significantly negative correlation between the number
of florets and spikelets with shading intensity. Our
study showed that apricot tree shade significantly
decreased total florets, fertile florets, total spikelets,
and fertile spikelets per spike compared to monocul-
ture wheat. No significant differences were observed
for these characteristics among east-row, inter-row,
and west-row positions (Table 1). Grain number per
spike of wheat is affected by shading during floret
growth and anthesis (Nasehzadeh and Ellis 2017), and
the development of the floret varies depending on its
position on the spike (Toyota et al. 2001). Willey and
Holliday (1971) showed that the light intensity greatly
affects spikelet initiation and floret primordia, result-
ing in fewer grains. For example, Toyota et al. (2001)
found that shading delayed the rate of floret initiation
per spike by 11.4% and consequently, decreased the
number of florets by 22.3% and decreased the grain
weight per spike by 19% at maturity.

Grain yield components

In general, the yield of understory crops is determined
by the available light and the efficiency of intercepted
light that is converted into photosynthate (Long et al.
2006; Gao et al. 2013). Light intensity influences crop

photosynthetic rate, the accumulation of plant photo-
synthate, and yield (Rozbicki et al. 2015; Bhatta et al.
2017). The intercropped maize yields were reduced by
33% when alley-cropped with red oak (Jose et al.
2000). Zhang et al. (2017) reported that both fruit and
crop yields were reduced when either 5-, 7-, or 9-year-
old jujube trees were intercropped with wheat. We
found that stalk biomass of intercropped wheat was
highly reduced by apricot tree shading during the
whole growth period, but there were no significant
differences in stalk biomass among east-row, inter-
row, and west-row positions (Fig. 4). However, the
grain yield of durum wheat was higher in the west than
in the center position in a Mediterranean alley
cropping system (Inurreta-Aguirre et al. 2018). Other
studies of temperate agroforestry systems found
similar results: The grain yield and its components
significantly decreased with decreasing the distance to
the tree rows (P < 0.05) (Jaiswal et al. 1993; Peng
et al. 2009; Yang et al. 2016). In the present study,
grain yield and its components, including spike
number, grains per spike, and thousand grain weight
of intercropped wheat, were significantly decreased
compared to monoculture configurations in both years
(P < 0.05) (Table 2).

Stalk N and P uptake

Light plays an important role in dry matter accumu-
lation, nutrient absorption, and yield of crops. Kittur
et al. (2016) reported that the uptake of N, P, and K by
understory turmeric decreased as bamboo spacing
decreased. Cui et al. (2013) found that shading affects
dry matter accumulation and significantly decreased
the total N, P, and K contents of summer maize. In the
present study, the total N and P uptake of intercropped
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wheat was significantly decreased in apricot-based
intercropping systems; however, there were no signif-
icant differences among east-row, inter-row, and west-
row positions (Table 3). It is interesting that all the
differences in PAR and TPAR with the position in the
inter-row did not translate into differences in morpho-
logical and physiological traits of wheat. This would
indicate compensation mechanisms over the growing
season for intercropped wheat. Several previous
studies revealed that nutrient uptake by understory
crops is strongly affected by overstory tree density,
understory plant varieties, and plant nutrient demand
(Rowe et al. 2001; Gao et al. 2013).

Grain quality

Light intensity is one of the most important environ-
mental factors, influencing crop photosynthetic rate,
plant growth and development, accumulation of plant
photosynthate, and grain yield and quality (Rozbicki
et al. 2015; Bhatta et al. 2017). Lu et al. (1997)
indicated that protein content and wet gluten content
of wheat increased in a paulownia/wheat intercrop-
ping system, compared to control. Wang et al. (2015)
also reported that wheat starch and crude fat content
were increased in apricot-based intercropping sys-
tems, and wheat grown nearer to apricot was poorer in
quality. In this study, we found that tree shading
significantly increased the protein content and wet
gluten content (Table 4). These results are largely
consistent with previous studies and confirm that tree
shading during grain development can have a negative
effect on grain yield but positive on grain quality.

In order to increase grain production, appropriate
management measures are needed to minimize com-
petition between trees and crops in intercropping
systems. We suggest several specific recommenda-
tions to reduce competition in fruit tree-crop inter-
cropping systems: (1) selecting crop and fruit tree
varieties (e.g., shade-tolerant crop varieties, low-
height fruit tree varieties, and rootstocks) that are
more suitable for agroforestry systems; (2) appropri-
ately increasing planting distances between and within
the tree rows, and conducting regular pruning of fruit
tree crowns to decrease shading intensity. This study
only investigated the influence of apricot tree shade
intensity on the grain yield and quality of intercrop-
ping wheat, but ignored the performance of the apricot
trees. As a result, this study can be used for
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understanding limitations of wheat growth in apricot
tree-based agroforestry systems, but it cannot be used
to evaluate the overall performance of agroforestry
systems.

Conclusion

Agroforestry is an effective approach for land use,
which is widely adopted by farmers in Southern
Xinjiang, Northwest China. The PAR reaching the
crop canopy and TPAR (the PAR transmitted by fruit
trees and wheat canopy getting to the ground surface),
photosynthesis rate, and the total N and P contents of
intercropping wheat were significantly decreased
compared to monoculture wheat. The fruit tree
shading affected the development of florets and
spikelets, resulting in fewer grains per spike; the
apricot tree shading had a negative effect on grain
yield but positive on grain quality. Further research is
needed to focus on shade-tolerant crop varieties and on
how regular pruning of tree canopy may improve crop
productivity in such systems.
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