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Abstract: Identifying the dynamics of aboveground biomass (AB) is vital for effective grassland management, yet knowledge
on this phenomenon remains limited in the low-mountain dry grasslands (LMDG) of the Tianshan Mountains. In this study,
systematic observations were conducted from 2014 to 2017 to determine AB dynamics in the LMDG of the Tianshan Mountains.
To accomplish this, a cutting experiment, an HL20 Bowen ratio system, and TDR300 and WatchDog1400 systems were used.
AB dynamics had unique characteristics, because of the influence of the unique environment of this region. AB increased rapidly
in spring (April — May), and then increased slowly in summer (June — August) and autumn (September — October). Plants entered
dormancy in summer (primarily August). In autumn, plants continued to grow after dormancy, except in years with low
precipitation which limited plant growth. Plants generally suffered from water stress in this region. However, in spring, the
limiting factor for plant growth was heat, not water. Heat might also be the limiting factor for plant growth in autumn. The results
are expected to enhance the understanding of AB dynamics in the LMDG of the Tianshan Mountains, providing data to support
local grassland management.

Keywords: Aboveground Biomass, Low-Mountain Dry Grassland, Water Stress, Soil Volumetric Water Content

[5]. As a result, this issue has been receiving increasing levels
of research focus [6].

The Tianshan Mountains are an important region for
animal husbandry, and low-mountain dry grasslands (LMDG)
are widely distributed in this area [7]. Because of the
influence of the arid climate, these grasslands are
ecologically fragile. Consequently, plants in this region have
unique physiological and ecological characteristics [8].
Identifying the dynamics of aboveground biomass (AB) is
vital to improve the local environment, and to inculcate
sustainable use of local grasslands. It is commonly believed
that the limiting factor for plant growth is water, not heat, in
this region [4]. Some studies on AB have been conducted in
this region using models and remote sensing methods.

1. Introduction

Grassland ecosystems are widespread on earth, particularly
in arid and semi-arid areas [1]. These areas are vital for
livestock production and ecological balances [1]. Biomass is
the material basis of ecosystem construction, in addition to
being an important indicator of the extent to which ecosystems
capture energy and fix carbon dioxide [2]. Furthermore,
grassland biomass is highly sensitive to temperature and
precipitation [3]. In turn, livestock production is largely
arranged in accordance with grassland biomass [4]. Therefore,
identifying the dynamics of grassland biomass is vital for
maintaining ecological and economic functions when
managing grasslands, particularly in arid and semi-arid areas
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However, these studies focused on estimating the total
values of annual AB, rather than detailing AB dynamics at
different growing stages [4, 6]. In addition, direct records of
biomass from field observations remain limited in this region.
Furthermore, direct observations of AB dynamics during the
growing season are also lacking, even though such data are
essential for improving the understanding of AB dynamics in
this region.

Compared with other methods, such as models and remote
sensing, experimental observations represent the most
accurate methodological approach, as real and reliable data
are obtained [9]. From 2014 to 2017, a cutting experiment
was used to obtain AB data, an HL20 Bowen ratio system to
obtain daily meteorological data, and TDR300 and
WatchDog1400 systems to obtain soil volumetric water
content (SVWC) data in the LMDG of the Tianshan
Mountains. Using these directly recorded data, the study
aimed to analyse AB dynamics at different stages of the
growing season in the LMDG of the Tianshan Mountains.
The results are expected to provide baseline data that can
contribute to improving the important grasslands of this
region for livestock grazing.

2. Materials and Methods

The experimental site (44°05' N, 88°01" E, elevation 898 m
a.s.l.) is representative of the LMDG region in the Tianshan
Mountains, and is located in Fukang, Xinjiang, China.
Because of the arid climate, plants suffer water stress in this
region [4, 10]. Precipitation is the only source of water, and is
subject to considerable inter-annual variation [10]. The
temperature in summer (June — August) is high and was
approximately 18.23°C from 2014 to 2017. The temperature
rises quickly in spring (April — May) and drops quickly in
autumn (September — October). The terrain is flat within a 300
m radius of the study site, and plant growth is uniform.
Gramineae is the main vegetation type. The growing season
normally starts at the beginning of April and ends at the
beginning of October.

In 2012, a 100 m x 100 m enclosure was set up at the
experimental site, and an HL20 Bowen ratio system was
installed inside the enclosure. Thus, daily temperature and
precipitation records were obtained. In addition, SVWC data
were collected using TDR300 and WatchDog1400 systems.
From 2014 to 2017, twenty groups of 1 m x 1 m plots were
set inside the 100 m x 100 m fenced area to record AB. Each
group included four plots: plot #1, plot #2, plot #3, and plot
#4. Plant growth was uniform in these plots. Plot #1, plot #2,
plot #3, and plot #4 were selected to record AB in 2014, 2015,
2016, and 2017, when plants were cut in each plot,
respectively. To observe AB during the different stages of
the growing season, cutting experiments in group #1-4, #5-8,
#9-12, #13-16 and #17-20 were conducted on 15 May, 6 June,
10 July, 10 August, and 3 October, respectively. The plants
in each 1m’ sampling plot were cut from the ground. The
litter was also collected. Then, both components were

transferred to the laboratory. AB was determined by
oven-drying the plant material at 65°C for 24 h. AB at the
end of certain stage minus AB at the beginning of certain
stage equals AB during certain stage. To avoid inaccurate
results caused by the litter of the previous year, we cleared
the litter in the selected plots before the growing season of
each year.

3. Results and Discussion

Plants grew rapidly in spring, due to the high SVWC caused
by snow melt water. As the soil water evaporated, SVWC
decreased sharply in summer and autumn [10]. In addition to
phenology, low SVWC was the most important factor that led
to low AB in this region [11]. In summer, plants enter
dormancy, due to high air temperature and low SVWC (Table
1 and Figures 1 and 2) [12]. Based on the observations,
dormancy generally occurred when the 0 — 40 cm SVWC was
below 15% in summer, which mainly occurred in August
(Figure 1a and Table 1). In 2014 and 2015, plants continued to
grow after dormancy, indicating plant growth might occur
twice in this region, in some years. These phenomena differed
strikingly from those of humid grasslands, indicating that the
characteristics of AB dynamics were unique, due to the
influence of the unique environment in the LMDG of the
Tianshan Mountains [13].
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Figure 1. Comparison of the 0 — 40 cm soil volumetric water content (SVWC)
for 2014 — 2017 (a) and the SVWC at different depths during the growing
season of 2014 (b).
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Table 1. Temperature, precipitation, and aboveground biomass at the experimental site (a low-mountain dry grassland in the Tianshan Mountains) from 2014

to 2017.
Growing stage
I I 11 v \% VI I-VI
Average daily temperature (°C) 7.75 12.81 16.40 19.65 19.27 12.20 14.00
2014 Average daily precipitation (mm) 1.24 1.35 1.04 1.11 0.32 0.74 1.01
Average daily aboveground biomass (mg/m?) 630.67 241.82 111.47 40.32 0 23.64 212.47
Average daily temperature (°C) 9.72 13.36 15.06 23.50 16.66 9.25 14.13
2015 Average daily precipitation (mm) 1.31 3.81 2.57 0.65 4.63 1.21 2.08
Average daily aboveground biomass (mg/m?) 702.22 357.73 100.59 23.55 0 5.15 235.43
Average daily temperature (°C) 9.00 13.54 17.74 18.89 19.01 15.99 15.10
2016 Average daily precipitation (mm) 1.90 1.61 1.44 1.12 0 0.18 1.11
Average daily aboveground biomass (mg/m?) 690.45 430.91 142.35 61.61 0 0 254.46
Average daily temperature (°C) 8.27 14.91 19.82 21.26 13.00 11.89 14.56
2017 Average daily precipitation (mm) 1.64 0.99 1.65 0.39 0.90 0.52 1.06
Average daily aboveground biomass (mg/m?) 638.22 433.64 52.06 0 0 0 215.22

I: 1 April to 15 May, 1I: 16 May to 6 June, I1I: 7 June to 10 July, IV: 11 July to 10 August, V: 11 to 30 August, VI: 1 September to 3 October, I-VI: 1 April to 3

October.

From 1 April to 3 October, the AB was ranked from high to
low, as follows: 2016 >2015> 2017 >2014 (Table 1). Plants
were subject to water stress in the LMDG of the Tianshan
Mountains. However, even though the highest precipitation
occurred in 2015, AB was not the highest in this year. In 2015,
abundant and high-intensity precipitation caused the amount
of runoff to increase (Table 1 and Figure 2) [14]. Thus,
available precipitation for plant growth decreased (Figure 1a).
From 1 April to 6 June, inter-annual variation in AB was
similar to the recorded changes in temperature (Table 1). Heat,
rather than water, was the limiting factor for plant growth, due
to high SVWC caused by abundant snow melt water during
this stage (Figure 1). Thus, AB was high in years with high
temperature during this stage. This result contrasts with
existing publications showing that heat is not the limiting
factor for plant growth in this region [4]. Based on the
observations, plants were green from 7 June to 10 July in 2014
— 2016. In contrast, plants began to wilt during this stage in
2017. Because the temperature was very high and the SVWC
was relatively low during this stage in 2017, plants entered
dormancy earlier (Table 1 and Figure 1a) [12]. From 11 July to
10 August, inter-annual variation in AB was similar to that of
precipitation (Table 1). In this case, water, not heat, was the
limiting factor for plant growth, because of the high
temperature and low SVWC (Figure 1). Consequently, AB
was high in years with high precipitation during this stage.

From 11 to 30 August, plants entered dormancy, due to the
high temperature and low SVWC (Figure 1) [12]. Thus, the
AB was zero during this stage (Table 1). From 1 September to
3 October of 2014 — 2015, plants continued to grow slowly
after dormancy. During this stage, precipitation was higher in
2015 than in 2014, while AB was lower in 2015 than in 2014.
These differences might have been caused by the lower
temperature in 2015 [15]. From 1 September to 3 October in
2016 — 2017, precipitation was low. In addition, one
high-intensity precipitation event occurred during this stage in
2017, which led to more runoff and, therefore, less available
precipitation for plant growth [14]. Thus, plants did not
continue to grow during this stage in 2016 and 2017 (Table 1
and Figures 1 and 2).

This study is the first to investigate AB dynamics during
the growing season in the LMDG of the Tianshan
Mountains. And experimental observation represents the
most precise methodology and approach for assessing
grassland AB dynamics [9]. Therefore, the results are
expected to provide new insights on AB dynamics in the
LMDG of the Tianshan Mountains, and to provide baseline
data to enhance future grassland management. Of course
the datasets collected by existing studies remain limited;
thus, the implementation of further field-based studies in
this region are encouraged to confirm the results and
advance current knowledge.
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Figure 2. Daily temperature and precipitation in the low-mountain dry grassland (LMDG) near Fukang, Xinjiang, China from 2014 to 2017.

4. Conclusion

In this study, AB dynamics in the LMDG of the Tianshan
Mountains were determined based on systematic observations
from 2014 to 2017. AB dynamics had unique characteristics,
because of the influence of the unique environment of this
region. AB increased rapidly in spring (April — May) due to
the high SVWC caused by snow melt water, and then
increased slowly in summer (June — August) and autumn
(September — October) mainly because of phenology and low
SVWC. Plants entered dormancy in summer (primarily
August) due to low SVWC and high air temperature. In
autumn, plants continued to grow after dormancy, except in
years with low precipitation which limited plant growth.
Plants generally suffered from water stress in this region.
However, in spring, the limiting factor for plant growth was
heat, not water. Heat might also be the limiting factor for plant
growth in autumn. The results are expected to enhance the
understanding of AB dynamics in the LMDG of the Tianshan
Mountains, providing data to support local grassland
management.
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